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ABSTRACT 


Treatment  of  1 , 3-dioxolane  with  acetyl  bromide  gave  a 
good  yield  of  ( 2-acetoxyethoxy )methyl  bromide.  Silylated 
5-subst ituted  uracils  and  cytosines  were  coupled  with  this 
alkylating  agent  in  acetonitrile  to  give  good  yields  of 
the  desired  N-l  isomers.  For  example  alkylation  of  5- 
fluorouracil  gave  an  84%  yield  of  1- [ ( 2-acetoxyethoxy ) - 
methyl ] -5-f luorouraci 1 . 

A  similar  high  yielding  procedure  was  found  for  the 
coupling  of  chloropur ines  in  benzene  with  the  presence  of 
mercury  (II)  cyanide  being  required  for  exclusive  N-9 
alkylation.  Further  modifications  of  these  initial 
products  allowed  the  synthesis  of  some  biologically 
interesting  molecules,  including  9- [( 2-hydroxyethoxy  )  - 
methyl ] adenine ,  2-amino-6-chloro-9- [ ( 2-hydroxy ethoxy )- 
methyl ] pur ine  and  9- [( 2-hydroxyethoxy )methyl ] guanine . 
Halogenation  of  the  8-position  of  9- [( 2-hydroxyethoxy  )  - 
methyl ] guanine  gave  good  yields  of  8-bromo-9- [( 2-hydroxy¬ 
ethoxy)  methyl]  guanine,  8- ch loro-9- [ ( 2-hydroxyethoxy  )  - 
methyl ] guanine  and  9- [( 2-hydroxyethoxy )methyl ] -8-iodo- 
guanine.  The  8-bromo  compound  was  used  in  the  preparation 
of  various  8-subst ituted  derivatives  of  9- [( 2-hydroxy¬ 
ethoxy  )methyl  ]  guanine  including  8-hydroxy-9- [( 2-hydroxy¬ 
ethoxy)  methyl]  guanine,  8-am ino-9-[(2-hy droxy ethoxy )- 
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methy 1 ] guanine  and  some  8-alky lamino-9- [( 2-hydroxyethoxy  )- 
methyl ] guanines .  Reaction  of  9- [  ( 2-hydroxyethoxy )methy 1 ] - 
guanine  with  methyl  radicals  and  _t_-butyl  radicals  gave 
samples  of  9- [ ( 2-hydroxyethoxy )methyl ] -8-methy lguanine  and 
8-t_-buty  1-9-  [  (  2-hydroxyethoxy  ) methyl ] guanine  respectively. 

The  activities  of  these  nucleoside  analogues  against 
herpes  simplex  virus  (I  and  II),  vesicular  stomatitis 
virus  and  vaccinia  virus  were  assessed  in  primary  rabbit 
kidney  cells.  Almost  all  of  the  9- [( 2-hydroxyethoxy ) - 
methyl ] pur ines  showed  significant  inhibition  of  viral 
proliferation.  Substituents  at  the  8-position  of  the  9- 
[( 2-hydroxyethoxy )methyl ] guanine  caused  a  decrease  in 
antiviral  activity  which  appeared  to  be  related  to  the 
size  of  the  substituent.  The  8-amino,  bromo,  iodo  and 
methyl  compounds  were  found  to  be  more  selective  in  their 
action  as  judged  by  the  ratio  of  the  IC50  for  incorpora¬ 
tion  of  thymidine  (or  2 ' -deoxyur idi ne )  into  DNA  of  un¬ 
infected  cells,  to  that  for  inhibition  of  herpes  simplex 
virus  (I  or  II ) . 

The  1- [( 2-hydroxyethoxy )methyl ] pyrimidines  were 
devoid  of  significant  antiviral  activity.  They  did  not 
potentiate  the  antitumor  activity  of  5-f luoro-2 ' -deoxy- 
uridine  and  its  cogeners. 

The  acid  catalysed  hydrolyses  of  these  (2-hydroxy¬ 
ethoxy  )methyl  nucleosides  were  studied  in  1  M  HC1  at 
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77°C.  In  all  cases  the  hydrolyses  occurred  at  slower 
rates  than  those  of  the  naturally  occurring  nucleosides 
due  to  the  greater  instability  of  the  proposed  oxo- 
carbonium  ion  (or  Schiff  base)  intermediate .  Activation 
parameters,  pH/rate  profiles,  specific  acid  catalysis  and 
the  effects  of  substituents  in  the  purine  series  were  all 
consistent  with  the  widely  accepted  oxocarbonium  ion 
mechanism. 

Although  the  slow  rate  of  hydrolysis  of  the  1— [ ( 2— 
hydroxyethoxy )methyl ] cy tos ines  allowed  deamination  to 
compete,  the  rate  of  hydrolysis  appeared  to  be  related  to 
the  basicity  of  the  leaving  group.  This  was  confirmed  by 
the  relative  rates  of  hydrolysis  of  3- [  ( 2-hydroxyethoxy ) - 
methyl ] cytosine,  1-  [  ( 2 -hydroxy ethoxy ) methyl ] isocytosine 
and  1-  [  ( 2 -hydroxy ethoxy ) me thy 1 ] pyr imidin-4-one . 

In  contrast  electron-withdrawing  groups  at  the  5- 
position  of  1- [  ( 2-hydroxyethoxy )methy 1 ] uraci 1  caused 
decreases  in  the  hydrolysis  rate.  Comparison  of  the 
relative  rates  strongly  suggest  a  changeover  in  mechanism 
in  this  series.  This  was  further  supported  by  the 
trapping  of  a  Schiff  base  intermediate  in  anhydrous 
methanolic  hydrogen  chloride.  These  results  provide 
insight  into  the  anomalous  behaviour  of  pyrimidine 
r ibonucleos ides.  A  general  scheme  for  the  hydrolysis  of 
all  nucleosides  is  proposed. 
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INTRODUCTION 


It  is  well  known  that  genetic  information  is 
contained  in  deoxyribonucleic  acid  (DNA)  and  that  the 
translation  of  this  genetic  code  into  functioning 
proteins  occurs  via  ribonucleic  acids  (RNA).l  Thus 
nucleic  acids  occupy  a  central  position  in  cellular 
metabolism  which  is  summarised  in  Figure  1. 

Nucleic  acids  are  3', 5'  phosphodiester  linked  poly¬ 
mers  of  adenine  (JL_)  ,  guanine  (2_)  ,  cytosine  (3_)  ,  thymine 
(_4)  and  uracil  (_5_)  nucleosides  and  have  been  found  to 
have  molecular  weights  up  to  several  billion.  Complete 
copies  of  all  the  DNA  have  to  be  produced  by  the  cell 
before  mitotic  cell  division  can  occur  and  material  is 
being  synthesised  constantly  by  a  number  of  pathways. 
Blockage  of  these  biosynthetic  pathways  is  therefore 
one  important  target  for  the  inhibition  of  rapidly 
dividing  cells,  such  as  in  tumors.  It  is  possible  that 
a  synthetic  antimetabolite,  though  toxic  to  normal 
cells,  can  show  a  favourable  therapeutic  index  in  the 
treatment  of  diseases  involving  rapid  cell  division. 
5-Fluorouraci 1  ( 14 )  is  an  example  of  this.2  After 
being  metabolised  to  the  active  5-f luoro-2 ' -deoxy- 
uridylic  acid  (JL5_)  it  strongly  inhibits  thymidylate 
synthetase,  the  enzyme  responsible  for  the  only  de  novo 
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Figure  1:  summary  of  cell  metabolism 
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production  of  thymidylic  acid  (_16^)  r  an  essential 
component  of  DNA.  This  type  of  antimetabolite  is 


hardly  the  "Magic  Bullet"  Ehrlich  spoke  of  since  normal 
cells  are  affected  also.-*  The  antibacterial  sulphon- 
amides  ( 17 )  are  better  examples  of  this  concept,  since 
they  inhibit  bacterial  production  of  folic  acid  but  do 
not  affect  human  cells  whose  only  source  of  folic  acid 
is  dietary.4 

Antiviral  chemotherapy  offers  similar  possibil¬ 
ities.  Although  viruses  utilise  the  "machinery"  of  the 
cell  they  infect,  they  have  genes  that  code  for  enzymes 
of  their  own.  These  viral  enzymes  may  differ  from 
their  cellular  counterparts  in  such  properties  as  heat 
stability,  pH  and  salt  requirements  and  substrate 
specificity.  Therefore  they  are  potential  targets  for 
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antimetabolites.  Several  viral  coded  enzymes  have  been 
identified  such  as:  thymidine  and  deoxycyt idine 
kinases,^  DNA  polymerases,8  nucleoside  phosphotrans¬ 
ferases,7  deoxycyt idine  deaminase8  and  deoxycyt idine 
monophosphate  deaminase.9  Many  nucleoside  analogs  have 
been  synthesised  and  a  variety  of  antiviral  activities 
have  been  observed.18  Some,  including  5-iodo-2'- 
deoxyuridine  ( 18  ) ,  5-trif luoromethyl-2 ' -deoxyur idine 
( 19 )  and  adenine  arabinoside  ( 20 ) ,  have  been  used  in 
the  treatment  of  viral  infections  in  humans. 


However,  serious  side  effects  have  been  reported  with 
the  systemic  use  of  these  drugs,  for  example  ( 18 )  and 
(19)  can  be  immunosuppressive,  mutagenic,  embryotoxic 
and  possibly  carcinogenic.11,12  Clearly  there  is  a 
need  for  superior  antimetabolites. 
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Recently  there  has  been  widespread  interest  in  the 
replacement  of  the  sugar  moiety  with  acyclic  groups 
that  resemble  portions  of  the  cyclic  sugar. 13-24  of 
these  the  two  with  the  most  pronounced  antiviral 
activity  are  9-  (  2 , 3-dihydroxypropy 1  )adenine  (  21  )  and  9- 
[( 2-hydroxyethoxy )methyl ] guanine  (22) .  The  former  was 
found  to  inhibit  the  replication  of  a  number  of  DNA  and 
RNA  viruses,^'^  with  host  cytoxicity  appearing  at 


doses  far  in  excess  of  those  required  for  viral  in¬ 
hibition.24  Acycloguanosine  ( 22 ) ,  more  commonly  known 
by  the  Burroughs-We llcome  name  of  "acyclovir",  has 
generated  much  excitement  resulting  in  a  large  number 
of  investigations  into  its'  potent  antiherpes  virus 
activity.  This  new  antimetabolite  is  the  subject  of 
the  following  chapter. 
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7. 


“Acyclovir 11  9-  [  (  2 -hydroxy ethoxy  ) methyl  ]  guanine  (  22  ) 

The  first  ( 2-hydroxyethoxy )methyl  nucleoside  was 
reported  by  Schaeffer  who  was  investigating  the 
structural  binding  requirements  of  the  enzyme  adenosine 
deaminase.  It  had  been  established  that  the  2' 

and  3'  hydroxyl  functions  were  not  of  critical 
importance,  but  the  5'  hydroxyl  group  had  to  be 

present  for  substrate  activity . 3^“43  It  was  expected, 
and  found, 2^  that  9- [( 2-hydroxyethoxy )methyl ] adenine 
(23)  was  a  substrate  for  adenosine  deaminase.  This 


result  suggested  that  this  type  of  nucleoside  analogue 
might  be  recognised  by  other  enzymes.  In  1977  the 
synthesis  and  potent  antiviral  activity  of  ( 22 )  was 
reported.42'43  The  authors  reported  that  (_22 )  had  an 


effective  dose  for  50%  inhibition  of  viral  activity 


' 


^^50 )  which  was  ten-fold  smaller  than  that  of  the 
clinically  used  (  18)  and  (_20_) ,  and  that  ( 22)  was 
essentially  non-toxic  to  Vero  cells.  Collins  and  Bauer 
noted  that  the  sensitivities  of  herpes  simplex  virus 
type  I  and  II  to  acyclovir  were  the  same. ^  Equivalent 
sensitivities  also  were  found  by  De  Clercq,48  but  not 
by  Crumpacker  who  reported  HSV-II  to  be  ten  times  less 
sensitive. 46  This  may  be  due  to  the  differential 
sensitivities  in  different  cell  lines.44'48 
Varicella-Zoster  virus  ( VZV ) , 43 ' 45 ' 47  Epstein-Barr 
virus  ( EBV ) 4  9 , 50a  an(j  herpes  B  virus8-*-  also  were 
reported  to  be  inhibited  by  acyclovir.  Vaccinia  and  a 
range  of  RNA  viruses  were  not  inhibited.43  Cyto¬ 
megalovirus  (CMV)  was  inhibited  only  by  high  concen¬ 
trations  of  the  drug.46'83 

Elion  showed  that  in  HSV-I  infected  Vero  cells 
radiolabelled  acyclovir  was  converted  to  mono,  di  and 
triphosphates.43'83'84  In  uninfected  or  vaccinia  virus 
infected  cells,  only  a  very  small  degree  of  phosphor¬ 
ylation  was  observed.  Surprisingly,  the  enzyme  res¬ 
ponsible  for  the  initial  phosphorylation  was  found  to 
be  the  viral  coded  thymidine  kinase  and  not  a  guanosine 
kinase.43'44'47'83-88  Why  acyclovir  behaves  as  a 
substrate  for  this  pyrimidine  nucleoside  enzyme  is 
still  unclear,  especially  since  it  is  more  efficiently 
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phosphory la ted  than  either  2 ' -deoxyguanos ine  (11)  or  1- 
[ ( 2 -hydroxy ethoxy )methyl ] thymine  (  24  ) .  54-56 


The  second  and  third  phosphorylations  of  acyclovir 
monophosphate  were  shown  to  be  effected  by  host  cell 
guanylate  kinases.  Acyclovir  triphosphate  was 

found  to  be  the  active  antimetabolite.  This  tri¬ 
phosphate  inhibits  the  viral  DNA  polymerase  with  an 
inhibition  constant  thirty  times  less  than  that  for 

C  "3  C  E  C  C  Q 

the  host  cell  polymerase .  J '  Acyclovir  tri¬ 

phosphate  can  act  as  a  chain  terminator  of  growing  DNA 
if  it  is  utilised  as  a  substrate.  This  has  been  shown 
to  occur^”^  and  the  acyclovir  terminated  template 
binds  very  tightly  to  the  polymerase.  J  The  authors 
also  showed  that  the  repair  3'-5’  exonuclease  would  not 
excise  the  acyclovir  moiety. 
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due  to  two 


The  high  selectivity  of  acyclovir  is 
factors:  firstly,  phosphorylation  of  the  drug  occurs 

to  an  appreciable  extent  only  in  virus-infected  cells 
(once  phosphory la ted  efflux  across  the  cell  membrane  is 
d i f f icu 1 1 ^  ) .  Secondly,  the  viral  DNA  polymerase  is 
thirty  times  more  sensitive  to  acyclovir  triphosphate 
than  is  the  host  cell  DNA  polymerase. 

The  combination  of  these  two  factors  results  in  a 
300-3,000  fold  difference  in  toxicity  toward  normal 
versus  infected  cells.  The  importance  of  the  thymidine 
kinase  activity  was  further  shown  by  work  on  cell  lines 
which  were  transformed  biochemically  to  contain  the 
HSV-I  thymidine  kinase  gene.  These  cells  were  found  to 
be  much  more  sensitive  to  acyclovir  than  were  the  wild 
type.61'65'66  Field  took  this  investigation  one  step 
further  and  studied  the  effect  of  acyclovir  on  normally 
resistant  viruses  (such  as  vaccinia,  pseudorabies  and 
TK~  HSV-I  mutants)  in  these  TK+  transformed  cells.  In 
all  cases  a  dramatic  increase  in  inhibition  sensitivity 
was  observed.  ' 

Epstein-Barr  virus  does  not  have  a  specific 
thymidine  kinase,  so  reports  of  its  sensitivity  to 
acyclovir,  albeit  at  high  drug  concentrations,  were 
surprising . 49 ' 70-72  It  appears  that  Epstein-Barr  DNA 
polymerase  is  acutely  sensitive  to  the  triphosphate  of 
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acyclovir  and  the  small  amount  generated  by  other 
enzymes  is  enough  to  cause  inhibition.  Cytomegalovirus 

DNA  polymerase  probably  has  a  similar  enhanced 
sensitivity. 46,52,73, 74 

Acyclovir  was  shown  to  be  well  distributed 

throughout  all  tissues,  including  the  brain,  in  several 

species  of  animals43,75-80  with  a  plasma  half  life  of 

approximately  two  and  one  half  hours.  Administration 

of  radiolabel led  acyclovir  showed  that  only  small 

amounts  were  metabolised,  95%  of  the  dose  was  recovered 

in  the  urine.  The  only  metabolites  so  far  reported  are 

9- [ ( carboxymethoxy )methy 1 ] guani ne  ( 25 )  and  9  —  [  ( 2  — 

hydroxyethoxy )methy 1 ] -8-hydroxyguanine  ( 26  ) ,  with  the 

76  77  80 

amounts  depending  on  the  species.  ’  ' 


or 

, 
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Therapeutic  effects  have  been  demonstrated  for 
variety  of  viral  infections  in  different  animal  models, 
including  herpes  encephalitis  in  mice , 43 ' 81-83 
keratitis  in  rabbits,43'84"93  cutaneous  and  genital 

herpes  in  mice  and  guinea  pigs,43'81,94"97  herpes  B  in 
rabbits,-*3  simian-varicella  virus  in  African  green 
monkeys98'99  and  cytomegalovirus  in  mice.388'383 

In  primary  viral  infections  the  nerve  ganglia  are 

invaded  and  it  is  believed  that  it  is  here  that  the 

latent  virus  resides  until  reactivated.382  Acyclovir 

has  been  shown  to  give  total,  partial  or  no  protection 

against  the  establishment  of  latency  in  primary 

infections  depending  on  the  time  after  infection 

therapy  was  commenced.49'89'382"338  Unfortunately  once 

latency  was  established,  treatment  with  acyclovir  had 

103—108 

no  effect  on  the  number  of  latent  genomes, 
although  Pavan-Langston  et  al.  have  claimed  to  observe 
a  decrease.333'332  Even  though  the  latency  could  not 
be  prevented,  clinical  reactivation  could  be  inhibited 
by  treatment  before  and  after  the  reactivating 
event.110'113 


A  problem  with  the 
drug  is  the  development 
resistance  to  acyclovir 
either  at  the  DNA  polyme 
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level.  It  has  been  shown-*-^"-*-^  that  passage  of  herpes 
virus  in  the  presence  of  acyclovir  gives  a  relatively 
high  frequency  of  drug  resistant  mutants.  Virtually 
all  the  drug  resistant  strains  do  not  have  the 
ability  to  phosphory late  acyclovir.  However  there 
have  been  four  examples  of  mutants  at  the  polymerase 
level. ^ ' 116-118 , 123  Crumpacker isolated  the  poly¬ 
merase  from  one  of  these  mutants  and  reported  that  it 
was  poorly  inhibited  by  acyclovir  triphosphate.  The 
development  of  resistance  with  clinical  herpes  iso¬ 
lates  in  human  cell  lines^l '  ^4  an<3  in  clinical 
trialsl^5-127  has  been  noted  recently.  This  may  not 
prove  to  be  a  problem  since  the  majority  of  clinical 
cases  result  from  reactivation  of  latent  virus.  It  has 
been  shown  that  thymidine  kinase  deficient  mutants  of 
HSV-I  are  nine  hundred  times  less  virulent  than  the 
wild  type . ' ^28 

Preclinical  toxicology  studies  using  acyclovir  in 
animal  and  in  vitro  models  showed  a  low  order  of 
toxicity . ' 129-131  Secondary  toxicity  is  seen  at 
higher  doses  due  to  the  precipitation  of  acyclovir  in 
the  nephrons  of  the  kidney,  causing  transient  impair¬ 
ment  of  renal  function.  Acyclovir  was  considered  safe 
for  clinical  trials  and  a  report  appeared  describing 
the  successful  treatment  of  epithelial  herpetic 
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titis.  Much  work  has  since  been  published  on 

successful  treatment  of  ocular  infections®7 ' 133-134 

ing  acyclovir  to  be  at  least  as  effective136-13® 

or  more  ef f ect i ve 1 39-142  than  idoxuridine  ( 18 ) , 

rabine  ( 20 )  or  trif luoromethy 1-2 ' -deoxyuridine 

.  An  irritation  due  to  the  ointment  base  was 

rved  which  did  not  warrant  withdrawal  of  treat- 
143 


One  third  of  the  general  population  suffer  from 
recurrent  herpes  infections  of  the  lip  or  perioral 
area,  but  for  the  most  part  these  infections  are  merely 
a  nuisance.  However,  in  immunocompromised  patients  the 
infections  are  much  more  severe,  even  becoming  life 
threatening.144  Thus  there  have  been  many  reports  of 
the  use  of  acyclovir,  both  prophy lact ically  and  chemo- 
therapeutically,  in  such  cases.  As  noticed  in 

vitro ,  the  susceptibility  of  the  viruses  decrease  in 
the  order  HSV;146-155  VZV;155'156  EBV;158  and 
CMV. 159-162 


Primary  genital  herpes  infections  have  respond¬ 
ed  well  to  treatment  with  acyclovir  whether  the  admin¬ 
istration  was  topical ,163,164  oral165,166  or  intra¬ 
venous.167  However,  in  recurrent  infections  slight  or 
no  clinical  benefit  was  observed.163  This  is  likely 


due  to  the  fact  that  these  episodes  are  of  short 


< 


duration  with  natural  healing  occurring  one  or  two  days 

after  the  onset,  thus  making  any  effect  of  acyclovir 

treatment  difficult  to  observe.  It  has  been 

suggested168  that  since  two-thirds  of  sufferers  of 

genital  herpes  experience  prodromes,  patient  initiated 

therapy  may  be  more  rewarding. 

Treatment  of  herpes  infections  with  acyclovir  in 

combination  with  other  drugs  has  been  reported  with 

synergistic  and  additive  effects  having  been  seen  de- 

1  f.  q _  l  79 

pending  on  the  infection  and  the  other  compound. 

Acyclovir  pharmacokinetics  in  humans  were  very 

similar  to  those  observed  in  animals,  with  desirable 

plasma  levels  of  the  drug  readily  obtainable  by  either 

oral178  or  intravenous  administration174-180  and  with  a 

half  life  of  approximately  three  hours  in  patients  with 

normal  renal  function.176,181-188  Most  of  the  dose  was 

recovered  in  the  urine184-186  with  only  metabolites 

177  187 

( 25 )  and  ( 26 )  being  observed  in  small  amounts.  ' 
Metabolic  removal  accounted  for  a  higher  percentage  in 
patients  with  some  type  of  renal  failure185,188  as 
would  be  expected. 

Finally,  as  observed  in  animals,  the  major  toxicity 

i oq  i q n 

noted  has  been  that  of  renal  dysfunction-10^ '  -L^u  which 
appears  after  high  dose  bolus  injections.  However  this 
can  be  circumvented  if  the  drug  is  administered  by  slow 


' 


' 


infusion  with  adequate  hydration.190 


Acid  Hydrolysis  of  Nucleosides 

The  mechanism  of  acid  catalysed  hydrolysis  of 

nucleosides  has  been  of  considerable  interest  since  the 

report  of  the  release  of  heterocyclic  bases  from 

nucleic  acid  in  1891. 191  The  impetus  for  the  earlier 

investigations  was  the  challenge  to  elucidate  the 

structure  and  sequences  of  nucleic  acids.  It  was  known 

192-194 

that  mild  hydrolysis  produced  apurinic  acids, 
indicating  the  greater  lability  of  the  purine  glycosyl 
bond.  More  vigorous  conditions  hydrolysed  the  sugar- 
phosphate  backbone  linkages  giving  rise  mainly  to 
pyrimidine  nucleoside  diphosphates,  an  observation  that 
led  Levene  to  propose  the  alternating  pyrimidine-purine 
theory.195*"200  However,  it  was  shown  later  that 

pyrimidine  diphosphates  could  survive  the  acidic 

,  ,  201-203 

conditions  employed. 

The  first  published  mechanism  for  the  hydrolysis 
of  nucleosides  was  proposed  by  Kenner204  and  in¬ 
volved  a  Schiff  base  intermediate  ( 27 ) ,  based  on  the 
accepted  mechanism  for  glycosylamine  hydrolylsis 
(Scheme  i).205'206  Kenner  proposed  that  protonation 
would  occur  first  on  the  more  basic  purine,  but 
postulated  that  this  species  (28 )  would  be  stable.  It 
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Scheme  I 
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was  reported  that  the  quaternary  ammonium  salt  ( 29 )  was 
quite  stable.207 

Dekker  later  supported  this  mechanism  but  stressed 
the  importance  of  a  nitrogen  atom  being  in  the  prox¬ 
imity  of  the  sugar  ether  oxygen,  thus  facilitating  the 
intramolecular  transfer  of  a  proton.  Dekker 

suggested  that  this  rationalised  why  (_6_)  ,  ( 30 )  and  ( 31  ) 

hydrolysed  more  rapidly  than  the  naturally  occurring 
pyrimidine  nucleosides. 
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Alivisatos209 ' 210  showed  that  of  a  variety  of 
imidazole  ribonucleotides  only  ( 31 )  was  hydrolysed 
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under  conditions  of  the  Orcinol  test.*  This  finding 
agreed  with  Dekker's  proposal,  but  the  authors  also 
found  both  glycosyl  bonds  in  diphosphopyridine 
nucleotide  ( 32 )  to  be  labile.  This  observation  was 
clearly  incompatible  with  a  Schiff  base  mechanism  but 
was  ignored  by  other  authors. 

Established  characteristics  of  such  a  Schiff  base 
mechanism  are  general  acid  catalysis,  rapid  anomer- 
isation  and  bell  shaped  pH/rate  profiles.  288  Early 
detailed  kinetic  investigations  on  both  purine211 '  212 
and  pyrimidine  nucleosides212-218  showed  no  such 
phenomena.  Most  authors  still  explained  their  results 
in  terms  of  the  then  accepted  mechanism  (Scheme  I). 

If  formation  of  the  Schiff  base  were  the  rate 

determining  step  as  proposed,  then  electron  withdrawing 

groups  in  the  base  moiety  should  retard  the  rate  of 

hydrolysis.  It  was  found  that  such  electronegative 

215—221 

groups  enhanced  the  cleavage  in  both  pyrimidine 
and  purine  nucleosides.222-225  Such  inconsistencies 
led  Shapiro217'218  to  propose  an  alternative  mechanism 
involving  an  oxocarbonium  ion  (33)  intermediate 
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6  molar  HC1,  100°C  for  20  minutes. 


■; 


' 


* 

\ 

' 


20. 


Scheme  II 
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(Scheme  II).  Effects  resulting  from  the  basicity  of 
the  departing  heterocycle  and  pH/rate  profiles  were 
consistent  with  such  a  mechanism,  as  were  observations 
in  most  of  the  earlier  work. 

Zoltewicz  reported  the  pH/rate  profiles  of  some 
purine  nucleosides  and  observed  a  linear  dependance 
even  at  the  pKa  of  the  nucleosides .  220  t  229  This 
linearity  was  rationalised  to  result  from  the 
hydrolysis  of  both  mono  and  diprotonated  species 
(Scheme  II).  Repetition  of  some  of  this  work  by  others 
led  to  the  observation  of  slight  curvatures.230 
Substitutions  in  the  purine  ring  that  change  both  the 
pKa  and  acid  catalysed  hydrolysis  rate  values  made  the 
expected  curvature  more  obvious.224  Solvent  participa¬ 
tion  in  the  rate  determining  step  was  ruled  out  by: 
comparison  of  N-7  and  N-9  isomers,2^  theoretical 
considerations,232  Bunnett  values , 230 ' 22^ ' 230 
activation  entropy  values^^  '  228  r  229 , 231  an(j  an 
observed  secondary  a-deuterium  isotope  effect.233 


★ 

The  stability  of  such  an  intermediate  is  a  matter  of 

debate  with  some  authors  calculating  a  lifetime  of 

10~11  to  10“13  secs,220  whilst  others  compare  it  to  the 

.  •  2  27 

dipheny lmethyl  carbonium  ion. 
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Lonneberg  reported  the  effect  of  various  metal 
ions  in  hydrolysis  solutions234-237  under  conditions  in 
which  it  is  known  that  co-ordination  of  the  metal  to 
the  heterocyclic  base  occurs.238-240  With  the 
exception  of  mercury,236'237  all  metal  ions  had  a  rate 
retarding  effect.  This  was  rationalised  by  assuming 
competition  by  metal  ions  for  the  sites  of  protonation. 

Whether  the  hydrolysis  of  nucleosides  occurs 

via  a  Schiff  base  or  oxocarbonium  ion  intermediate, 

electronegative  groups  in  the  sugar  moiety  would  be 

expected  to  destabilise  both  types  of  intermediates  and 

thus  retard  the  rate  of  hydrolysis.  This  has  been 

observed;  2 1 -deoxynucleos ides  hydrolyse  faster  than 

their  ribocounterparts , 303 ' 24 3-243  as  do  3'-deoxy- 

nucleosides , 222  and  2  '  , 3  ' -dideoxynucleosides  are  the 

most  labile.222  The  effect  of  these  hydroxyl  functions 

may  not  be  limited  to  their  electronegativity.  Garrett 

suggested222  that  the  2'-hydroxyl  function  might 

compete  as  a  proton  acceptor  site,  or  that  hydrogen 

222  244 

bonding  to  the  base  might  be  important.  ' 

Methylation  of  these  hydroxyls  did  cause  an  increase  in 
stability.245"247  However,  this  may  be  due  to  inter¬ 


ference  with  solvation  of  the  developing  carbonium 
ion.  The  configuration  of  the  2'  and  3'  hydroxyl 
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groups  had  a  significant  effect,222'248  which  was 
proposed  to  be  due  to  hydrogen  bonding.  It  is  likely 
that  this  would  cause  a  change  in  conformational  energy 
in  the  transition  state.  A  definite  indication  that 
electronegativity  was  not  the  only  factor  was  illus¬ 
trated  by  the  decreasing  order  of  hydrolytic  stability 
°f  (_34_) ,  (35)  and  ( 36  ) .  24 ^  Even  though  more 


HO  R' 


(14)  R=ci 

(35)  R=F  (37) 

(16)  R  =0H 


than  one  factor  is  operating,  the  protection  of 
nucleoside  hydroxyls  with  electron  withdrawing  ester 
blocking  groups  has  allowed  the  synthesis  of  some  acid 
sensitive  compounds .  250-256  It  was  suggested2-’4  that 
aromatic  ester  groups  could  stack  with  the  hetero¬ 
cyclic  aromatic  base  and  thereby  alter  its1  reactivity. 
This  was  shown  not  to  be  significant  in  terms  of  the 
acid  catalysed  hydrolysis  stabilities  of  adenine 


c 


* 


24. 


nucleosides .  266 

To  eliminate  conformational  factors,  Robins  and 
Cross  studied  effects  of  electronegative  groups  in  a 
series  of  "oxidised-reduced"  acyclic  adenine  nucleo¬ 
sides  ( 37 ) .  Correlations  between  electronegativity  and 
rates  of  hydrolysis  were  observed,  with  2 ' -substituents 
having  the  largest  effects.  5 ' -Substituents  exhibited 
the  same  trend,  presumably  by  decreasing  the  availa¬ 
bility  of  the  ring  oxygen's  lone  electron  pairs. 

Similar  effects  have  been  observed  in  the  hydrolysis  of 
glycopyranos ides .  266  T^e  most  striking  feature  of  the 
Cross  study  was  that  the  ring  opened  nucleosides 
hydrolysed  at  a  faster  rate  than  their  cyclic  counter¬ 
parts.  This  can  be  explained  by  considering  the  con¬ 
formation  that  will  allow  an  ant iper iplanar  re¬ 
lationship  between  the  ring  oxygen's  lone  electron 
pairs  and  the  departing  heterocycle,  namely  QE  (01'  exo 
P  =  270)  ( 38  ) .  259  Due  to  1,3  pseudo  diaxial  and 

eclipsing  interactions  this  conformation  would  be 
expected  to  be  very  strained.  In  contrast  the  acyclic 
oxidised-reduced  nucleosides  can  achieve  this  anti— 
periplanar  relationship  quite  easily  ( 39 ) ,  thus 
facilitating  hydrolysis.  This  hypothesis  is  supported 
further  by  the  observations260,261  that  purine  nucleo¬ 
side  3 ',5 '-cyclic  phosphates  ( 40)  are  much  more 
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resistant  to  hydrolysis  than  the  corresponding  acyclic 

nucleotides.  In  the  trans  fused  bicyclic  system  of 

( 40 )  the  qe  conformation  cannot  be  realised.  The 

260  261 

transient  appearance  of  3'  and  5'  nucleotides  ' 
and  observation  of  similar  rates  for  the  liberation  of 
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purine  bases  and  hydrolysis  of  the  cyclic  phosphate 
ring  strongly  imply  that  glycosyl  bond  hydrolysis 
proceeds  only  after  the  cyclic  phosphate  has  been 
opened.  With  uridine  and  thymidine  cyclic 
phosphates,  a  dramatic  increase  in  rate  was 
observed. 260-262  This  suggests  that  these  two 
pyrimidine  nucleosides  do  not  require  the  qe 
conformation  for  facile  hydrolysis.  On  the  basis  of 
the  Schiff  base  mechanism  (Scheme  I),  in  the  inter¬ 
mediate  ( 41 )  ring  strain  is  relieved  and  could  account 
for  such  an  increase  in  rate.  In  contrast,  cytidine 
3',5'-cyclic  phosphate  was  quite  stable  under  such 
conditions  and  only  the  cyclic  phosphate  ring  was 
hydrolysed.  '  These  data  suggest  that  purine  and 

cytosine  nucleosides  have  only  the  oxocarbonium  pathway 
(Scheme  II)  available  to  them,  whereas  uracil-type 
nucleosides  may  hydrolysed  via  both  this  and  the  Schiff 
base  mechanism.  Further  observations  are  consistent 
with  this  assumption.  Robins  and  MacCoss260  found  that 
treatment  of  uridine  3',5'-cyclic  phosphate  in 
anhydrous  methanolic  hydrogen  chloride  led  to  the 
isolation  of  (j42_) .  Similarly  the  octosyl  acid  ( 43 )  was 
shown  to  give  such  an  intermediate  which  was  isolated 
as  the  triacetate262  (44). 
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(43) 


(44) 


In  aqueous  solution  no  analogous  hemiacetal 
intermediates  were  detected,  but  Cadet  reported  the 
isolation  of  small  amounts  of  pyrimidine  a-f uranos ides , 
and  3  and  a-pyranosides  from  the  partial  hydrolysis  of 
2 ' -deoxyur idine  and  thymidine.  These  products  would  be 
expected  from  a  Schiff  base  mechanism.  2'-Deoxy- 
cytidine  and  5-bromo-2 ' -deoxyuridine  did  not  give  such 
products . 2®4 

Previous  work 218 ,221,261,262,264,26  6  indicates  that 
cytidine  nucleosides  behave  differently  from  uridine 
and  thymidine  nucleosides.  The  most  obvious  differ¬ 
ence  between  these  heterocycles  is  the  ease  of  proton¬ 
ation:  cytosine  pKa  =  4. 6, 266  uracil  and  thymine 

pKa  »  -3.4.2^®  it  seems  reasonable  that  cytosine 
nucleosides  protonate  at  the  N-3  position  on  the  aro¬ 
matic  heterocycle  and  then  hydrolyse,  like  purine  nuc¬ 
leosides,  via  an  oxocarbonium  ion  intermediate 
(Scheme  II).2 17,218,221  The  rate  of  hydrolysis  of  a 
cytosine  nucleoside  is  slower  than  that  of  the  corres¬ 
ponding  purine  nucleoside.2^-®  This  can  be  explained, 
apart  from  the  fact  that  purine  nucleosides  are  known 
to  diprotonate  at  lower  pH,  by  considering  the 
basicity  of  the  departing  heterocycle.  Previous 
studies  have  shown  a  good  correlation  between  the  rate 
of  hydrolysis  and  the  basicity  of  the  leaving  nitrogen 
atom# 215-224 , 227, 267 , 268  3-Methy Icy tosine  ( 45 ) 
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(pKa  =7.38  )  and  7-methy lguanine  (46 )  (pKa  =  3.52^6) 
are  good  models  for  the  leaving  groups*  during  the  acid 
hydrolysis  of  cytidine  and  guanosine,  respectively. 


(47) 


The  basicity  of  the  leaving  group  is  probably  an 
important  factor  in  determining  rates  of  hydrolysis  of 
n_7223 , 231 , 272 , 273  an(jj  n-327^  ribosyl  purines.  How¬ 
ever,  if  only  small  differences  in  basicity  are  found 
between  two  leaving  groups,  then  other  factors  such  as 
site  of  protonation  or  steric  strain  might  be  more 
important.  The  introduction  of  strain  via  a  "peri" 
located  alkyl  group,  for  example  in  3-methyladenosine 


*  Protonation  of  cytidine  and  guanosine  is  known  to 
occur  at  N-3270  and  N-7,271  respectively. 
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( 4  7 ) ,  has  caused  large  rate  enhancements. 275-281 

Alkylations  of  other  sites  of  the  heterocycle  had 
lesser  ef  f  ects .  ^22  ,  228 , 28 2 

From  data  presently  published  it  seems  that  both 
the  Schiff  base  mechanism  (Scheme  I)  and  the  oxo- 
carbonium  ion  mechanism  (Scheme  II )  can  function 
depending  on  the  structure  of  the  nucleoside.  If  a 
general  scheme  to  account  for  the  hydrolysis  of  all 
nucleosides  is  desired,  then  both  pathways  have  to  be 
included  (Scheme  III).  Which  pathway  is  more  energet¬ 
ically  favourable  for  a  particular  nucleoside  depends 
on  its  structure.  Thus,  pyridine  nucleosides  ( 48 )  can 
hydrolyse  only  via  a  pH  independent  oxocarbonium  ion 
pathway  (klo  in  Scheme  III  )  ,  227 , 268 , 283 , 284  benzimid¬ 
azole  nucleosides  (49)  can  protonate  only  once  and  so 
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Scheme  III 
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the  diprotona ted  pathway  ( k )  is  not  available  in 
contrast  to  purine  nucleos ides .  ^24  •  228-230  The 
cyclonucleoside  ( 50 )  is  much  more  labile  than  thymidine 
(13)^85  due  to  the  availability  of  the  protonated 
monocation  route  ( k 2 )  -  Least  is  known  about  nucleo¬ 
sides  such  as  thymidine  ( 13 ) ,  uridine  (_9_)  and  9-(6-D- 
ribof uranosy 1  )uric  acid  ( 51 )  which  are  protonated  only 
at  very  low  pH  values  (<0).  It  is  reasonable  to  assume 


HO  OH 


that  the  sugar  can  become  a  competitive  site  of 
protonation  in  the  hydrolysis  of  these  nucleosides 
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and  a  Schiff  base  mechanism  is  more  likely.  Shapiro 
noted  that  deoxyuridine  and  thymidine  underwent  a 
slow  unimolecular  cleavage  at  neutral  pH,  but  whether 
this  occurs  via  a  k^0  or  kjs  pathway  (Scheme  III)  or  a 

•  •  O  1  Q 

combination  of  both  is  not  known.  Garrett  reported 
that  5-subst i tuted-2 ' -deoxyuridines  hydrolysed  faster 
than  the  parent  nucleosides  whether  the  substituent  was 
electron  donating  or  withdrawing.  This  is  consistent 
with  a  shift  between  two  types  of  mechanism. 


«: 


RESULTS  AND  DISCUSSION 


1 .  Syntheses 

The  first  syntheses  of  ( 2-hydroxyethoxy )methy 1 
nucleoside  analogues  employed  ( 2-benzy loxyethoxy ) - 
methyl  chloride  ( 53 )  as  the  alkylating  agent. 26,43 
Treatment  of  2-benzy loxyethanol  ( 52 )  with  paraformalde¬ 
hyde  and  hydrogen  chloride  in  dichloroethane  gave  ( 53 ) 
which  decomposed  during  attempted  isolation.  Immediate 
coupling  of  intermediate  ( 53 )  with  chloropurines  gave 
low  yields  of  the  desired  N-9  isomers . ^ ^ ' ^87 , 288 
Higher  yielding  syntheses  have  been  developed  using 


<g>CH20*2CH2C* 

(52) 


R1  =  Q  R2=H 
=Q  R2=Cl 


other  coupling  methods. 

Lewis  acid  catalysed  couplings  of  both  silylated 
purines  and  pyrimidines  with  suitably  protected  sugars 
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have  been  reported  to  occur  with  high  regiospecif icity 

and  in  good  yields.287'290  An  example  of  this  is  the 

coupling  of  the  2 , 4-bis-0-trimethy Is i ly lated  uracil 

(  54  )  with  tetra-O^-acety  1  ribose  (  55 ) .  We  expected  that 

analogously  favourable  coupling  of  ( 2-acetoxyethoxy ) - 

methy lacetate  ( 56 )  with  silylated  bases  would  occur 

also.  Reaction  was  observed,  but  the  couplings 

generally  occurred  in  only  ~50%  yields.  This  also  has 

been  reported  by  other  workers.  J  The  diminished 

yields  may  result  from  the  difference  in  stability  of 

•  •  o  q  n 

the  proposed  intermediate  oxocarbonium  ions. 

Clearly,  ( 57 )  is  less  stable  than  ( 58 )  and  thus  it 
might  decompose  before  coupling  with  the  silylated 
heterocycle  can  occur. 

Acid  catalysed  opening  of  1 , 3-dioxolane  ( 59 )  with 
acetic  anhydride  provided  a  facile  synthesis  of 
(_56_).294  Treatment  of  ( 59 )  with  acetyl  chloride  or 
acetyl  bromide  also  resulted  in  the  opening  of  the 
dioxolane  ring  to  give  good  yields  of  (2-acetoxy¬ 
ethoxy  )methyl  chloride  (600  or  ( 2-acetoxyethoxy  )methyl 
bromide  ( 61  ) . 

Samples  of  ( 60 )  were  consistently  contaminated  by 
a  tenacious  by-product  which  was  not  removed  completely 
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OSi(CH3)3 


(CH3)3SiO  N 


b 
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(54) 


AcO 


Xr 

AcO  OAc 

(55) 


Lewis  acid 
OAc  /ClCH2CH2Cl\ 
^orCHgCN  ) 


O 


AcO  OAc 


OSi(CH3)3 


(CH3)39 


(56) 


Ac0“1/°^ch2 

(57) 


by  repeated  fractional  distillations.  Its'  presence 
was  detected  most  easily  by  NMR  spectroscopy.  If 

the  mechanism  of  the  acetal  ring  opening  is  as  shown  in 
Scheme  IV,  then  attack  of  chloride  ion  at  position  four 
of  the  ring  would  give  ( 2-chloroethoxy )methy 1  acetate 
( 62 ) ,  a  product  which  would  be  expected  to  have  similar 
physical  properties  to  ( 60  ) .  Compound  ( 62 )  was 
synthesised  from  2-chloroethanol  by  treatment  with 
paraformaldehyde  and  hydrogen  chloride  followed  by 
sodium  acetate  in  glacial  acetic  acid.  Addition  of 
synthetic  ( 62 )  to  the  impure  sample  of  ( 60 )  resulted  in 
the  appearance  of  new  NMR  signals,  indicating  that 

( 62 )  was  not  the  original  impurity. 

This  problem  was  not  pursued  further  since  it  was 
found  that  acetyl  bromide  opened  1 , 3-dioxolane  ( 59 ) 
cleanly  and  gave  a  pure  sample  of  ( 61 )  in  88%  yield 
after  vacuum  distillation.  This  bromomethyl  ether 
derivative  could  be  stored  in  the  refrigerator  without 
decomposition.  There  have  been  recent  reports  of  the 
opening  of  ( 59 )  with  trimethy lsi lyl  iodide  to  give  the 
highly  reactive  ( 2-tr imethylsilyloxyethoxy )methyl 
iodide. 295-297  This  reagent  requires  repetitious 
generation  just  before  use  and  low  reaction  tempera¬ 
tures  due  to  its  instability.  We  found  that  coupling 
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(62)  x=  ci 


cich2ch2oh 


O  HCI 


cich2ch2ci 


^  cich2ch2och2ci 


NaOLCH 


4 


4 


HOCCH 


ci  ch2ch2och2occh3 


(62) 


-  • 


of  (61)  or  ch lorome thy lme thy  1  ether  (63)  with  silylated 
pyrimidines  occurred  under  mild  conditions  without 
catalyst  using  a  si lyl-modi f icat ion  of  the  Hilbert- 
Johnson  procedure298-300  (Scheme  V).  An  excess  of 
silylated  heterocycle  was  employed  in  order  to  avoid 
dialkylation,  and  the  use  of  low  temperature  (0°C) 
resulted  in  formation  of  only  traces  of  the  isomeric  N- 
3  product.  Consistently  high  yields  were  obtained  (see 
Table  I). 

Electrophiles  are  known  to  attack  the  5-position 
of  a  pyrimidine  ringJ  x  and  this  route  was  chosen  to 
prepare  a  series  of  1- [( 2-hydroxyethoxy )methyl ] -5- 
substituted  cytosines  (Scheme  VI).  Since  strongly 
acidic  conditions  are  required  for  the  nitration  of 
cytosine,  this  was  performed  prior  to  coupling  with  the 
( 2-acetoxyethoxy )methy 1  side  chain.  Chlorination  and 
brominaton  were  performed  directly  on  1- [( 2-hydroxy¬ 
ethoxy  )methyl  ]  cytosine  ( 88 ) .  Chlorination  proceeded 
very  smoothly  under  the  conditions  recently  described 
by  Ryu  and  MacCoss.302  A  modification  of  this 
procedure  produced  5-bromo-l- [( 2-hydroxyethoxy )methyl ] - 
cytosine  ( 94 ) ,  albeit  in  lower  yield  (46%). 

1- [ ( 2-Acetoxyethoxy )methyl ] -2-thiouracil  ( 72 )  was 
desulphurised  using  Raney  nickel  to  give  1- [  ( 2-acetoxy- 
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Scheme  V 


(CHjljSi 


(61)  RX=  CHjCOCHjCHjOCHjBr 

(63)  RX=  ch3och2q 


TABLE  I.  Synthetic  Data  for  1 -[( 2-hydroxyethoxy )methyl ] pyrimidines 
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SCHEME  VI 


HO-^0\J 

(94) 


no2 


ethoxy )methyl ] pyr imidin-4-one  ( 95  ) .  In  refluxing 


ethanol  this  reaction  proceeded  with  concomitant 
cleavage  of  the  glycosyl  bond  to  give  pyr imidin-4-one 
as  the  major  product.  Treatment  of  ( 12)  at  a  lower 
temperature  gave  a  56%  yield  of  ( 95 )  which  was 
deacylated  with  tr iethy lamine/water/methanol  to  give 
the  desired  1- [ ( 2-hydroxyethoxy )methyl ] pyrimidin-4-one 
(_96_). 

Coupling  of  silylated  cytosine  with  (61)  occurred 
almost  exclusively  at  the  more  basic  N-l  position  of 
the  heterocycle.  It  is  known  that  at  neutral  pH  the 
predominant  tautomeric  form  of  cytosine  in  solution  is 
( 97 ) . ^03 , 304  The  amidine  system  (N-3)  should  be  more 
prone  to  alkylation  than  the  amide  system  (N-l)  of 
( 97 ) ,  and  this  has  been  observed  with  methyl- 
ation. ' 306  Treatment  of  a  suspension  of  cytosine  in 
dimethylf ormamide  with  (61 )  gave  two  major  products;  3- 
[( 2-acetoxyethoxy )methyl ] cytosine  ( 98 )  and  l,3-bis-[(2- 
acetoxyethoxy )methyl ] cytosine  (99 )  plus  traces  of  the 
N-l  isomer  (J76_) .  These  products  were  separated  by 
silica  chromatography  and  deacylated  to  give  3—  [  ( 2— 
hy droxye thoxy )methyl ] cytosine  (100)  and  1,3— bis— [(2— 
hy dr oxye t hoxy )me thy  1 ] cy tos i ne  (101),  respectively. 

A  convenient  route  for  the  synthesis  of  9- [(2- 
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hydroxyethoxy  )methy 1 ] pur ines  was  required  also. 
Chloropur ines  were  chosen  as  starting  materials  due  to 
the  ease  of  replacement  of  the  halogen  with  various 
nucleophiles.  Lee  et  al.  reported  that  the 

coupling  of  a  chloropurine  and  a  protected  sugar  in  the 
presence  of  mercury  (II)  cyanide  occurred  exclusively 
at  the  N-9  position.  We  found  that  a  silylated 
chloropurine  would  couple  with  ( 61 )  exclusively  at  N-9 
and  in  high  yield  with  mercury  (II)  cyanide  as  catalyst 
(Scheme  VII).  The  position(s)  of  the  trimethyls i lyl 
group (s)  on  the  purine  are  not  known,  so  the  exact 
nature  of  the  intermediate  is  not  defined.  Inter¬ 
mediate  formation  of  ( 105 )  would  explain  the  regio- 
selectivity,  and  there  is  precedent  for  mercury  II 
binding  to  the  N-7  of  purines .  The  coupled 

products  ( 102 ) ,  (  103 )  and  ( 104 )  were  transformed 

further,  generally  under  mild  conditions,  as  shown  in 
Scheme  VIII.  Due  to  the  significant  differences 
relative  to  the  natural  substrate  structure,  adenosine 
deaminase  converted  2 , 6-diamino-9- [ ( 2-hydroxyethoxy ) - 
methy 1 ] pur ine  ( 107 )  and  2-amino-6-chloro-9- [( 2-hydroxy- 
ethoxy  )methyl  ]  pur  ine  (108)  to  acycloguanosine  ( 22 )  very 
slowly.  This  slow  rate  made  syntheses  practical  on  a 
small  scale  only.  For  preparations  of  larger  amounts 
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SCHEME  VII 

(CH3)3SiNHSi(CH3)3  0) 

(NHt)2SOt  *  N2  Hg(CN)2* 


(102)  r2=h 

(1Q3)  Rr  0  V*2 
(104)  r2=q 
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SCHEME  VIII 


r=h  (23) 

r-chb  (1Q6) 


NHa 

- - - ► 

150°C 


pH  7  5 

adenosne 

deaminase 


NHa 

heOH  * 


pH  75 

adenosine 

deaminase 


(22) 


of  (22),  treatment  of  (103)  with  sodium  methoxide 


and  mercaptoethanol  in  methanol  at  reflux  was 

■Dll 

employed.  Treatment  of  ( 102 )  with  methanolic 

ammonia  gave  9- [( 2-hydroxyethoxy )methyl ] adenine  (  23 ) 
cleanly,  but  a  more  direct  synthesis  was  accomplished 
by  reaction  of  the  sodium  salt  of  adenine  ( 109 )  with 
( 61 )  in  dimethy If ormamide  at  low  temperature  followed 
by  deacylation  of  the  resulting  9- [  ( 2-acetoxyethoxy ) - 
methyl ] adenine  ( 110 )  with  sodium  methoxide  in  methanol. 
Enzymatic  deaminaton  of  ( 23 )  was  utilised  in  the 
preparation  of  9- [( 2-hydroxyethoxy )methyl ] hypoxanthine 
(111). 

Methylation  of  the  aglycon  in  adenosine  nucleo- 

312 

sides  is  known  to  occur  at  the  N-l  position. 

However,  introduction  of  a  bulky  group  at  the  6- 
position  may  prevent  this  due  to  steric  repulsion. 

It  has  been  observed  that  N6 , N6-dimethy 1-2 ' , 3 ' , 5 ' -tr i - 
O-benzoy ladenosine  (112)  methylates  at  the  N-3 
position.313  Similar  methylation  of  9-  [( 2-hydroxy¬ 
ethoxy  )methyl ] -N6 ,N6-dimethy ladenine  ( 106 )  was 
attempted.  The  desired  methylation  did  occur  but  with 
accompanying  glycosyl  cleavage  to  give  N  ,N  ,N  -tri- 


methyladenine  (114 ) .  This  problem  was  circumvented  by 
allowing  the  reaction  to  stand  at  0°C  for  3  weeks.  The 
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(1J) 


R=tri-0-benzoylrtose  ('ll  2) 

r=ch2och2ch2ch  (106) 


(61)  ^ 

NEtjDMF 
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desired  product,  9- [  ( 2-hydroxyethoxy )methy 1 ] -N3 ,N5 ,N°- 
trimethy ladenine  iodide  (113)  crystallised  from  the 
reaction  mixture  in  55%  yield.  Refluxing  ( 113 )  in 
ethanolic  potassium  hydroxide  resulted  in  opening  of 
the  pyrimidine  ring  to  give  4-carbamoy 1-1- [( 2-hydroxy- 
ethoxy  )methyl ] -5-methy laminoimidazole  (115).  Treat¬ 
ment  of  4-carbamoy 1-5-benzamidoimidazole  ( 116  )  with 
( 61 )  and  tr iethy lamine  in  dimethy If ormamide  gave  both 
N-l  and  N-3  isomers.  Separation  by  silica 

chromatography  followed  by  deprotection  of  the  N-l 
isomer  with  hydrazine  in  refluxing  ethanol  furnished 
pure  5-amino -4-carbamoy 1-1-  [  ( 2 -hydroxy ethoxy ) me thy 1 ] - 
imidazole  ( 118  ) . 

The  synthesis  of  a  series  of  9- [  ( 2-hydroxyethoxy ) - 
methyl ] -8-subst ituted  guanines  was  desired  since  the 
effect  of  the  8-substituents  on  viral  inhibition  and 
the  rate  of  glycosyl  cleavage  was  of  interest.  The  8- 
position  of  purines  is  known  to  be  susceptible  to 
electrophilic  attack,307  with  bromination  occurring 
readily.315-318  Bromination  of  (22 )  proceeded  smoothly 
in  bromine  water  giving  a  good  yield  (83%)  of  8-bromo- 
9- [( 2-hydroxye thoxy )methyl ] guanine  (119).  Few  studies 
have  been  conducted  on  the  iodination  and  chlorination 

o  n  o 

of  purines,  but  a  recent  chlorination  procedure 
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provided  an  acceptable  yield  (52%)  of  8-chloro-9- [ ( 2- 
hydroxyethoxy )methyl ] guanine  (120).  The  only  reported 
iodination  of  a  guanine  nucleoside  employed  N-iodo- 
succinamide  and  n-buty ldisulphide  in  dimethyl- 

•3  1  Q 

sulphoxide .  A 7  This  procedure  gave  poor  results  with 
( 22 ) .  Iodination  of  ( 22 )  was  found  to  proceed  readily 
using  iodine  monochloride,  and  a  75%  yield  of  9—  [  ( 2  — 
hydroxyethoxy )methyl ] -8-iodoguanine  ( 121 )  was  obtained. 

Of  the  8-halogenated  products,  (119),  (120)  and 

( 121 ) ,  the  8-bromo  derivative  (119)  was  employed  for 
further  synthetic  transformations  due  to  its'  facile 
synthesis.  Nucleophilic  replacement  of  the  bromine 

oi  co  I  7  "300 

atom  at  this  position  is  well  knownJ1J  and  most 

likely  proceeds  via  an  addition-elimination  reaction 
mechanism  (Scheme  X).  Several  nucleophilic  replace¬ 
ments  were  effected  at  elevated  temperatures  (see 
Scheme  IX).  Yields  were  in  the  range  of  67-85%. 
Purification  of  products  was  effected  on  carbon 
columns.  Treatment  of  ( 119 )  with  sodium  acetate  in 
glacial  acetic  acid  deserves  special  mention.  In  early 
experiments  8-hydroxy-9- [ ( 2-hydroxyethoxy )methyl ] - 
guanine  (126)  was  obtained  directly.  However,  later 
experiments  consistently  gave  9- [  ( 2-acetoxyethoxy ) - 
methy 1 ] -8 -hydroxy guanine  ( 127 )  as  the  only  product. 


(121) 
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Scheme  IX 
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These  are  not  normally  acylating  conditions  and  a 
likely  explanation  of  this  result  is  an  intramolecular 
acyl  transfer  in  the  intermediate  ( 128 )  shown  in  Scheme 

O  I  £ 

X.  Ikehara  did  not  observe  parallel  behaviour  with 
the  analagous  guanosine  transformation,  but  this  may  be 
due  to  the  more  restricted  conformations  of  the  ribose 
moiety.  This  occurrence  did  not  present  any  problems 
synthetically  as  ( 127 )  could  be  deacylated  with 
methanolic  ammonia  to  give  ( 126  ) . 

There  have  been  several  reports  of  free 
radical  mediated  additions  to  the  8-position  of 
purines . 321-324  This  method  of  carbon-carbon  bond 
formation  was  chosen  for  our  study.  Tertiary-butyl 
radicals,  generated  from  pivaldehyde  using  iron  (II) 
and  potassium  persulphate,  were  observed  to  add  to  the 
8-position  of  ( 22 )  to  give  a  modest  yield  (42%)  of  8- 
tert-buty 1-9-  [  ( 2-hydroxyethoxy )methyl ] guanine  (129 ) 
(Scheme  XI).  The  pivalyl  radical  first  formed  decom¬ 
poses  to  give  the  tert-buty 1  radical.  A  small  amount 
of  a  by-product  which  possibly  resulted  from  addition 
of  the  acyl  radical  to  (22 )  was  observed  but  not 
isolated.  Similarly,  methyl  radicals  generated  from 
the  homolytic  cleavage  of  tert-buty 1  peroxide  (Scheme 
XII)  were  found  to  add  to  ( 22 )  to  give  a  64%  yield  of 


9- [ ( 2-hydroxyethoxy ) methyl ] -8 -me thy 1 guanine  (130) . 
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Scheme  XI 
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Methylation  of  guanosine  with  dimethyl  sulphate  in 
dimethyl  sulphoxide  was  known  to  occur  at  the  N-7 
position.  This  method  was  employed  to  produce  9- 

[ ( 2-hydroxyethoxy )methyl ] -7-methy lguanine  (131).  A  56% 
yield  of  (131)  was  obtained,  but  this  betaine  could  be 
successfully  crystallised  only  as  its  hydrochloride 
salt . 


(CH3)2S04 

DMSO 


2 .  Biological  Activities 

The  biological  activities  of  the  (2-hydroxy¬ 
ethoxy  )me thy lnuc leos i des  were  determined  at  the  Rega 
Institute  for  Medical  Research,  Katholieke 
Un i ve rs i te i t ,  Leuven,  Belgium  under  the  supervision  of 


Professor  Erik  De  Clercq. 


tae 


a)  Antiviral  Activity 

The  antiviral  properties  of  the  (2-hydroxy- 
ethoxy  )methyl  nucleosides  were  evaluated  in  primary 
rabbit  kidney  (PRK)  cell  cultures  infected  with  herpes 
simplex  virus  type  I  (HSV-I),  type  II  (HSV-II),  vaccina 
virus  (VV)  or  vesicular  stomatitis  virus  (VSV).  These 
assay  systems  have  proven  useful  in  previous  studies  on 
the  comparative  efficacy  of  anti-herpes  agents.4-5  The 
reference  compounds,  (E^) -5- (  2-bromoviny  1 ) -2  '  -deoxy- 
uridine  (BVDU),  5-iodo-2 ' -deoxyur idine  (IDU)  and  9— [ ( 2— 
hydroxyethoxy )methyl ] guanine  (acyclovir)  had  activity 
levels  in  accord  with  those  reported  previously.  J 

The  [( 2-hydroxyethoxy )methyl ] pyrimidine  nucleo¬ 
sides  were  devoid  of  activity  even  at  a  concentration 
of  400  yg/ml  (Table  II).  Similar  results  have  been 
reported  recently.325,326  The  inactivity  of  (E_)-5-(2- 
bromovinyl ) -1- [( 2-hydroxyethoxy )methyl ] uracil  ( 87 )  con¬ 
trasts  sharply  with  the  potent  ant i -herpet ic  activities 
of  its  structural  "parents",  acyclovir  and  BDVU,  from 
which  were  derived  the  ( 2-hydroxyethoxy )me thy 1  and  ( E ) - 
5- ( 2-bromoviny 1 ) uracil  moieties,  respectively. 

With  the  exception  of  ( 106 )  and  (111),  all  of  the 
[( 2— hydroxyethoxy )methyl ] pur ines  inhibited  HSV  replica¬ 
tion,  albeit  at  higher  concentrations  than  acyclovir. 
The  introduction  of  a  substituent  at  the  8-position  of 


■ 


acyclovir  was  tolerated  amazingly  well ,  although 
generally  the  activity  of  the  compounds  diminished  as 
the  size  of  this  group  was  increased  (Table  III).  The 
activity  of  9- [  ( 2-hydroxyethoxy )methy 1 ] -2-amino-6- 
chloropurine  ( 108 )  may  be  derived  from  its  ultimate 

3  2  7 

transformation  to  acyclovir  by  adenosine  deaminase. 

The  activity  of  ( 108 )  was  found  to  vary  considerably  in 
different  cell  lines  (Table  IV),  which  may  be  due  to 
the  different  adenosine  deaminase  activities.  However, 
the  antiviral  activity  of  acyclovir  was  found  to  be 
dependent  on  the  cell  line  also. 

b)  Inhibition  of  Growth  of  Murine  Leukemia 

L1210  Cells 

Although  acyclovir  is  claimed  to  be  essentially 
non  toxic  to  uninfected  host  cells, ^  44  ^  was  ^n_ 
hibitory  to  the  growth  of  murine  leukemia  L1210  cells 
at  moderate  concentrations.  This  was  observed  for  the 
other  [( 2-hydroxyethoxy )methyl ] pur ines  with  the  excep¬ 
tion  of  the  inosine  analog  (111)  (Table  V).  The  [(2- 
hy droxye thoxy )methyl ] pyrimidines  exerted  little  if  any 
cytotoxicity  toward  L1210  cells  even  at  a  concentration 

of  1  mg /m 1 . 

The  inhibition  of  incorporation  of  2 ' -deoxyur idine 
into  DNA  relative  to  that  of  thymine  (Table  V)  may  be 
taken  to  reflect  the  potency  by  which  nucleoside 


. 


. 


It  is 


analogues  inhibit  thymidylate  synthetase . 323 
doubtful  if  the  9- [ ( 2-hydroxyethoxy )methy 1 ] pur ines  owe 
any  of  their  cell  growth-inhibitory  potency  to  an 
inhibitory  effect  on  thymidylate  synthetase,  since 
their  IC^g  values  for  L1210  cell  growth  were  far  below 
the  IC50  for  2 ' -deoxyur idine  incorporation  This  trend 
was  particularly  striking  for  compound  ( 23 ) . 

While  not  active  themselves  as  inhibitors  of  tumor 
cell  growth,  [( 2-hydroxyethoxy )methyl ] pyrimidines  may 
potentiate  the  antitumor  activity  of  5-fluoro-2’- 
deoxyuridine  and  its  cogeners.  The  1- [( 2-hydroxy¬ 
ethoxy  )methyl ] -5-subst ituted  uracils,  (  80  ) ,  (  81  ) ,  (  132  ) 

and  ( 133 )  have  been  reported  to  inhibit  thymidine  and 
uridine  phosphorylases , 329-331  the  enzymes  responsible 
for  the  rapid  conversion  of  5-f luoro-2 ' -deoxyur idine 
( 134 )  to  5-f luorouracil  ( 14 ) . 332-334  It  was  con_ 
sidered  that  the  antitumor  potency  of  ( 134 )  might  be 
enhanced  if  it  were  co-administered  with  a  phos- 
phorylase  inhibitor.  Four  of  our  [(2-hydroxyethoxy)- 
methy 1 ] pyrimidines ,  (  71  ),  (  82  ) ,  (  85 )  and  ( 87 )  were 

examined  for  their  effects  on  the  L1210  cell  growth 
inhibiting  properties  of  5-f luoro-2 ' -deoxyuridine ,  5- 

tr i f luorome thy  1  —  2 ' —deoxyuridine ,  5-nitro— 2 ' -deoxy — 
uridylic  acid,  5-ethyl-2 ' -deoxyur idine,  ( E ) - 5- ( 2- 
bromo v i nyl )  —  2 ' —deoxyuridine ,  5— bromo— 2 ' —deoxyuridine 


. 

' 
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(14)  R=  H 


(80)  «=  h 

(81)  R=  ch3 
032)  R=  ch2<§> 

(133)  R=  CH2<g>ocH2<g) 


and  5-propyny loxy-2 ' -deoxyur id ine .  However,  the  IC^q 
values  of  these  antimetabolites  for  L1210  cell  growth 
was  not  significantly  altered  by  the  addition  of  any  of 
the  four  [( 2-hydroxyethoxy )methyl ] pyrimidines . 


* 

- 

TABLE  II.  Antiviral  activity  of  9- [( 2-hydroxyethoxy )methyl ] pyrimidines  in  primary  rabbit  kidney  (PRK ) 
cell  cultures. 


63 


o-> 

a 


cd 

O 

m 

U 


> 

w 

> 


CN 

I 

> 

w 

X 


M 

I 

> 

to 

X 


73 

C 

3 

0 

ft 

E 

0 

CJ 


ooooooooooooo 

ooooooooooooo 

AAAAAAAAAAAAA 


OOOOOOOOOOOOO 

ooooooooooooo 

AAAAAAAAAAAAA 


OOOOOOOOOOOOO 

ooooooooooooo 

aaaaaaaaaa  aa 


ooooooooooooo 

0000000000l"00 


aaaaaaaaaa 


o  o 

cd  (0 

P  P 
3  3 


A  A 


rH 

rH 

•rH 

•H 

rH 

o 

O 

•H 

rH 

cd 

C6 

o 

•H 

p 

U 

cd 

u 

3 

3 

p 

cd 

i—i 

»— • 

3 

p 

r— 1 

rH 

f—i 

3 

Jo 

Jo  I— 1 

0 

rH 

X 

X 

Jo  7D 

•H 

X 

X 

X 

0 

o 

CD 

CD 

X 

•H 

cd 

E 

E 

CD 

1 

p 

r-» 

£ 

in 

3 

Jo 

i 

i — i 

X 

X 

Jo 

i—i 

r— 1 

0 

0 

X 

rH 

Jo  X 

X 

0 

Jo 

X 

4J 

X 

X 

X 

4-> 

CD 

<D 

4-> 

X 

CD 

Jo 

Jo 

CD 

CD 

E 

X 

X 

Jo 

£ 

0 

0 

X 

Jo 

p 

p 

0 

^o 

X 

TD 

'O 

p 

X 

0 

Jo 

Jo 

'C 

0 

X 

X 

X 

Jo 

X 

X 

I 

1 

X 

X 

CD 

CN 

CN 

1 

CD 

Jo 

■ — 

■ — 

CN 

Jo 

X 

•— i 

* — ' 

— 

X 

0 

1 

1 

■ — i 

0 

p 

r— 

r— 

1 

p 

TJ 

| 

1 

t — 

T3 

Jo 

0 

0 

1 

Jo 

X 

p 

p 

0 

X 

1 

o 

0 

E 

1 

CM 

3 

f—l 

0 

CN 

— 

i—t 

X 

P 

i — ■ 

| 

X 

1 

o 

X 

1 

1 

1 

1 

in 

m 

1 

in 

1 

r- 

O 

CM 

ro 

m  1 

00 

00 

00 

00 

GO  | 

1 — r 

— ' 

X 

JL) 

0) 

E 

>1 

X 

o 


3  X 

o  <d 

p  Jo 
X  X 
•H  O 

c  p 

I  TD 
m  >1 
I  X 
— >  I 
H  CM 


X  I 
CD  <- 
£  I 

Jo  ^H 
X  Jo 


Jo 

x 

4-) 

cd 

E 

f-H 

Jo  -H 
X  o 
0  fd 
X  P 
X  3 
0)  cd 
Jo  N 
X  cd 
o  <d 

X  TJ 
(1)  I 
o  CO 
(0  I 

I 

CM  .H 
—  >0 
— ■  X 
I  X 
«-  0) 

I  E 


CD 

c 

•H 

E 
>1  x 


0) 

c 

•H 

w 

o 


0) 

c 

•H 

CO 

0 

X  0) 
Jo  c 

u 
0 
p 


CO 

o 

X  X 
*H  Jo 


X 

X 


o 
0 

>1  in  co 

U  I  -H 


rl  rl  rl  rl 

Jo  Jo  Jo 

X  X  X  x 
X  X  X  X 
<d  a>  <u  <D 
E  E  E  E 


0 

X 

X 

CD 

Jo 

X 

o 

p 


c 

rl 
> 
0 
E 
0 
p 
X 
TJ  I 
Jo  CM 
X  ~ 
I  I 


H  JO  JO 
Jo  X  X 

c  o 

$ 

CD 
Jo 
X 

o 

p 

T3  TJ 
>1  Jo 

X  X 
I  I 
in  CM  CM 


0 

X 

4-1 

CD 

>1 

X 

0 

p 


Jo 
X 

o 

X 
X 
<D 
X 
X 

o 

p 

'C  TO  'O 
Jo  Jo  Jo 
X 
I 


Jo 

X 

o 

X 

X 

CD 

>0 

X 

o 

p 


X 

I 


>1 

X 

o 

X 

4-> 

CD 

>o 

X 

O 

P 


X 

I 


w|  k\  I 


CM  CM  CM 


I  I 


<T> 


0C 


10 

o 

* 


cd 

p 

4-> 

CO 


I 

> 

w 

X 

<44 

0 

Jo 

4-> 

•r4 

U 

•H 

C 

CD 

O 

o 

X 

X 

<T5 

cu 

o 

X 

>0 

o 

CD 

o 

3 

r> 

CD 

p 

0 

X 

T3 

(D 

P 

•H 

3 

cr 

CD 

p 

c 

0 

•H 

4-> 

cd 

p 

X 

c 

CD 

o 

c 

0 

o 

II 

o 

in 

c 

o 

•H 

<d 

p 

x 

c 

CD 

D 


CD 

a 

Jo 

4-> 

CO 

3 

P 

t 

X 

CD 

rH 

ft 

E 

•H 

CO 

CO 

CD 

ft 

p 

CD 

X 


CN 

I 

> 

C/5 

X 


CD 

ft 

Jo 

4-> 

CO 

3 

P 


X 

CD 

rH 

ft 

E 

•r4 

CO 

CO 

CD 

ft 

P 

CD 

X 


I 

> 

co 

X 


«#> 

o 

in 

Jo 

X 

> 

w 

> 

p 

0 


CO 

3 

P 

•H 

> 

CO 

•H 

•H 

<d 

E 

O 

X 

CO 

p 

td 

rH 

3 

O 

•H 

CO 

CD 

> 


> 

> 


C 

o 

<d 

0 

•H 

0 

c 

c 

•r4 

•H 

Jo 

cd 

0 

P 

p 

0 

0 

X 

cd 

X 

in 

> 

•H 

■ — * 

X 

•H 

CN 

> 

X 

1 

> 

c 

> 

H 

CO 

cd 

X 

(N 

virus 


TABLE  III.  Antiviral  activity  of  9- [( 2-hydroxyethoxy )methyl ] purines  in  primary  rabbit  kidney  (PRK) 
cell  cultures. 
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TABLE  IV.  Antiviral  activity  of  9- t ( 2-hydroxyethoxy ,methyl]guanine  (22,  and  9- [< 2-hydroxyethoxy, .ethyl, 
2-amino-6-chloropurine  (108)  in  different  cell  cultures. 
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TABLE  V.  Antimetabolic  activity  and  antiviral  index  of  pyrimidine  and  purine  acyclic  nucleosides 
in  primary  rabbit  kidney  ( PRK)  cell  cultures. 
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3 .  Acid  Hydrolyses 

All  hydrolyses  were  effected  in  1  M  HC1  at  77°C 
with  the  exceptions  of  the  pH/rate  and  temperature/rate 
studies  on  ( 22 )  and  ( 131 ) .  This  allowed  direct 
comparison  of  rates  but  led  to  very  long  half  lives  for 
the  more  stable  molecules.  Kinetic  data  were  obtained 
by  direct  UV  absorbance  measurements  of  the  hydrolysis 
solutions  (method  A),  UV  absorbance  of  neutralised 
aliquots  (method  C)  and  by  HPLC  analysis  of  neutralised 
aliquots  (method  B).  In  all  three  methods  the  curves 
obtained  were  analysed  by  a  non-linear  first  order 
computer  fit,  which  has  the  advantage  of  not  requiring 
an  "infinite  time"  value.  First  order  behaviour  was 
checked  by  plotting  "In  (a-x)"  against  "t"  as  given  in 
equation  (3),  where  "a"  is  the  amount  of  starting 
material  at  time  "t=0"  and  "x"  is  the  amount  of  product 
at  any  time  "t".  In  all  cases  linearity  was  observed. 


A 

- li - ►  P 

(1) 

dx 

=  k ( a-x ) 

(2) 

dt 

In 

(a-x)  =  -kt  +  In  a 

(3) 

The  half  life  of  a  reaction  (t,  )  is  often  quoted,  and 

'z 

represents  the  time  at  which  half  of  the  starting 


4 


' 


■ 


- 


material  has  been  consumed  by  the  reaction,  such  that 
equation  (3)  can  be  reduced  to  equation  (4). 


In  2 


ti 


(4) 


k 


The  hydrolysis  of  nucleosides  follows  a  more 
complicated  mechanism  (eg.  Scheme  II),  but  it  can  be 
shown  (Appendix)  that  the  expected  behaviour  should 
still  be  pseudo  first  order  at  constant  pH  such  that: 


Rate  =  kobs  [si 


(5) 


where 


k 


Ka1Ka2  +  [H+]Ka1  +  [H+]2 


A  kinetically  indistinguishable  result  is  obtained  if 
the  Schiff  base  mechanism  (Scheme  I)  is  assumed. 

It  was  found  that  the  ( 2-hydroxyethoxy )methy 1- 
nucleosides  were  more  stable  to  hydrolysis  than  either 
their  2'-deoxy  or  ribonucleos ide  counterparts  (Tables 
VI  and  VII).  This  can  be  rationalised  by  either  of  the 
two  proposed  mechanisms  (Scheme  I  or  Scheme  II)  since 
both  contain  intermediates  [(135)  and  (136)]  requiring 


the  stabilisation  of  a  primary  instead  of  a  secondary 
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* 

heteroatom-linked  carboniura  ion.  Psicof uranine  (137), 


which  would  hydrolyse  via  a  tertiary  oxocarbonium  ion 


\  /  \  / 

N+  N 

II  ^  %l 

ch2  ch2 


( 138 ) ,  has  been  found  to  be  much  more  labile  in  aqueous 
acid  than  adenosine,  a  fact  consistant  with  this 
hypothesis.  This  effect  may  be  reflected  in  the 


< 


73. 


enthalpy  of  activation  (AH*)  of  the  reaction,  as  given 
by  equation  (7).  The  enthalpy  value  and  the  entropy  of 
activation  (AS*)  are  readily  obtainable  from  a  plot  of 


k 


AH  AS 


kT  -  RT  R 

—  e  .  e 

h 


(7) 


"In  k"  against  the  reciprocal  of  absolute  temperature 
(T).  The  thermodynamic  measurements  for  ( 22 )  (Table 
VIII)  gave  values  of  AH*  =  25  Kcal/mol  and  AS*  =  7.3 
cal/mol  deg.  The  enthalphy  of  activation  found  for 
( 22 )  is  higher  than  reported  values  for  2'-deoxy-  and 
guanosine.  This  is  consistent  with  the  lower 

expected  stability  of  ( 135 )  relative  to  furanose 
oxocarbonium  ion  species.  The  positive  entropy  of 
activation  indicates  an  increase  in  disorder  in 
attaining  the  transition  state.  This  is  in  harmony 
with  both  proposed  mechanisms  (Schemes  I  and  II)  and 
suggests  significant  C-N  (or  C-0)  bond  cleavage  before 
participation  of  the  solvent. 

A  linear  dependence  of  the  rate  of  hydrolysis  of 
( 22 )  with  pH  was  observed  in  the  range  of  pH  O  to  2.75, 
which  includes  the  pKa*^^  (Figure  2,  Table  IX).  This 
rather  limited  range  was  not  extended  to  higher  pH  values 
due  to  the  slow  rate  of  reaction.  Similar  results  have 


« 


* 
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TABLE  VIII.  Variation  of  Rate  Constant  of  Hydrolysis  of  (22 ) 
with  Temperature. 


Temperature  (K) 

Rate 

Constant  (mins  ”*  ) 

Half  : 

Life  (mins) 

350 

(4 

.4  ±.1) 

X 

10~2 

15 

-H 

00 

• 

.4 

343 

(2 

•32±.02) 

X 

10"2 

29 

.9* 

.3 

338 

(1 

. 30± .01 ) 

X 

10"2 

53 

* 

.4 

333 

(6 

•  7  ± .  1  ) 

X 

10~3 

103 

* 

2 

328 

(3 

.76±.03) 

X 

10~3 

184 

± 

1 

323 

(2 

.00*. 01 ) 

X 

10"3 

347 

* 

2 

TABLE  IX.  Variation  of  Rate  Constant  of  Hydrolysis  of  (22 ) 
wi  th  pH . 


pH 

Rate 

Constant  (mins  **  ) 

Half  : 

Life  (mins) 

0 

(4 

.4 

±.1  ) 

X 

10~2 

15 

.  8±  < 

.4 

0.5 

(1 

.2" 

l±.01 ) 

X 

10“2 

57 

.  3± . 

.5 

1  .1 

(4 

.6 

±.1  ) 

X 

10"3 

1  51 

± 

3 

1  .5 

(1 

.63*. 07) 

X 

10-3 

425 

± 

3 

2.0 

(4 

.  1  8* . 06) 

X 

10"4 

1660 

± 

24 

2.35 

(3 

.1 

±  •  1  ) 

X 

10”4 

2240 

± 

70 

2.75 

(4 

.2 

±.4) 

X 

io-5 

16500 

± 

1600 

TABLE  X.  Variation  of  Rate  Constant  of 
Formate  Buffer  Strength  at  pH 

Hydrolysis  of  (22)  with 
2.75. 

Buffer  Strength 
(molar ) 

Rate  Constant 

(mins' 

-1) 

Half  Life  (mins) 

0.15 

(3.4  ±.3)  x 

IO'5 

20400±1 , 800 

0.3 

(4.2  ±.4)  x 

IO'5 

1 6500±1 , 600 

0.6 

(3.7  ±.4)  x 

10"5 

18700*2,000 

< 
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TABLE  XI.  Variation  of  Rate  Constant  of  Hydrolysis  of  (131) 
with  pH . 


PH 


Rate  Constants 


(mins-1 ) 


Half  Life  (mins) 


0 

(6.9  ±.3) 

0.7 

(1 .80± .02 ) 

1  .1 

(8.0  ±  1) 

1  .65 

(2.71 ±.01 ) 

2.00 

(1  .61 ± .01  ) 

2.35 

(8.7  ±.2) 

3.00 

(4.92±.06) 

3.50 

(4.6  ±.1 ) 

4.00 

( 4 . 1 5± .03) 

4.50 

(3.8  ±.2) 

5.00 

(4.1 7±.02) 

5.50 

(4.00±.02) 

6.00 

( 3 . 77± .02 ) 

6.40 

(3.8  ±.2) 

6.80 

(5.4  ±.1) 

7.10 

(1  .08±.07) 

7.60 

( 3 . 36± .03) 

X 

10‘2 

10. 

0±. 

,4 
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Figure  2  pH-rafe  profiles  for  fhe  hydrolysis  of  (22)  a  and (131) 
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been  reported  for  the  hydrolysis  of  2 ' -deoxyguanos ine 
and  guanosine . 228-230  The  pH-rate  profile  of  9— [ ( 2— 
hydroxyethoxy )methy 1 ] -7-methy lguanine  ( 131 )  was  found 
to  have  three  distinct  regions  (Figure  6,  Table  X);  a) 
pH  <  3,  a  pH  dependent  region  in  which  a  second  proton 
ation  of  the  betaine  (131)  occurs;  b)  pH  3-6.5,  a  pH 
independent  region  in  which  spontaneous  hydrolysis  of 
(139)  occurs,  and  c)  pH  >  6.5,  ring  opening  of  the 
imidazole  moiety  occurs  (Scheme  XIII).  Analogous 
results  have  been  observed  previously  with  7-methyl- 
guanos  ine. 228'33^'337 


Scheme  XIII 
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Compound  (22)  was  hydrolysed  in  formate  buffers 
(pH  2.75)  of  different  strengths  without  any 
significant  effect  on  the  rate  of  hydrolysis  (Table 
X).  This  was  expected  since  only  specific  acid 
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catalysis  has  been  observed  in  the  hydrolysis  of 
nucleosides. 

The  effect  of  various  substituents  at  the  8- 
position  of  ( 22 )  on  the  rate  of  hydrolysis  was  examined 
(Table  VI).  Without  determina ton  of  the  pH  profile  or 
pKa  data  for  each  compound,  it  is  not  possible  to 
estimate  the  relative  amounts  of  mono  and  diprotona¬ 
tion.  With  this  limitation  in  mind,  these  results  can 
be  explained  by  two  factors:  (1)  the  basicity  of  the 

departing  N-9  atom  and  (2)  steric  strain.  The  presence 
of  electron  withdrawing  groups  such  as  iodine  (121)  , 
bromine  (119)  and  chlorine  (120)  caused  rate  enhance¬ 
ments  in  accord  with  their  respective  electro¬ 
negativities.  Electron  donating  groups  at  the  8- 
position  such  as  methyl  (130),  amino  (122)  and 
methylamino  (123)  caused  rate  decreases.  However,  as 
the  size  of  the  substituent  increased,  steric  strain 
became  an  important  factor.  The  dimethylamino  (124) 
and  piperdyl  ( 125 )  substituents  caused  considerable 
rate  enhancements,  a  result  which  would  not  have  been 
expected  on  electronic  grounds  (diprotonation  of  the 
imidazole  amidine  system  is  unlikely  under  the 
hydrolysis  conditions  employed).  A  similar  effect  also 
was  noted  with  the  tert- butyl  group  (129).  The  methyl- 
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group  (123)  may  be  considered  to  be  a  medium 


. 
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sized  substituent,  but  it  can  rotate  to  adopt  a  strain 
free  conformation  not  available  to  (  124  ) ,  (  125 )  and 

( 129 ) .  The  most  unusual  result  in  this  series  of 
substrates  is  the  slow  hydrolysis  of  the  8-hydroxy 
compound  ( 126  ) .  Since  the  keto  tautomeric  form  ( 126 ) 
is  predominant,  protonation  at  N-7  (now  an  amide-type 
nitrogen)  would  be  difficult  and  would  more  likely 
occur  at  N-3.  Thus,  in  the  hydrolysis  of  (126)  the 
developing  negative  charge  at  N-9  cannot  be  resonance 
stabilised  by  a  positively  charged  amidine  system  as 
with  the  usual  7-protonated  purines.  The  leaving  group 
would  be  more  basic  and  retard  the  rate  of  hydrolysis. 


O 


(118)  B=  H 
(115)  *=  ch3 


(126) 


The  formation  of  deprotonated  species  would  be  difficult 
since  only  amide— type  ring  nitrogens  and  normally  non— 
protonated  exocyclic  heteroatoms  are  present. 
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Of  the  two  1-  [( 2-hydroxyethoxy )methyl ] imidazoles 
studied ,  ( 115 )  hydrolysed  faster  than  ( 118 ) .  This  is 

difficult  to  explain  by  electronic  factors.  The  steric 
crowding  caused  by  the  methyl  group  may  be  the  reason 
for  the  increase  in  rate  for  ( 115 ) . 

In  contrast  to  the  report  of  Garrett  on  pyrimidine 
nucleoside  hydrolyses,219  the  introduction  of  a 
substituent  at  the  5-position  of  1- [( 2-hydroxyethoxy ) - 
nethyl ] uraci 1  ( 80 )  caused  a  decrease  in  the  rate  of 
hydrolysis  (Table  VII).  As  discussed  in  the  intro¬ 
duction  of  this  thesis,  it  is  likely  that  uracil 
nucleosides  can  protonate  at  either  the  base  or  sugar 
moiety,  thus  making  both  pathways  (Schemes  I  and  II) 
available.  A  change  of  substituent  at  C5  may  cause  a 
shift  in  mechanism  in  this  series.  The  rates  of  the  1- 
[( 2-hydroxyethoxy )methyl ] -5-subst ituted  uracils  can  be 
rationalized  by  such  a  postulate.  A  substituent  that 
reduces  the  electron  density  in  the  pyrimidine  ring 
would  favour  its  dissociation  via  the  oxocarbonium  ion 
pathway  (Scheme  II).  This  is  consistent  with  a 
decreasing  trend  when  comparing  the  rate  of  the  5-nitro 
( 86 ) ,  5-fluoro  ( 82 )  and  5-chloro  ( 83 )  compounds.  If 
the  only  mechanism  possible  were  this  oxocarbonium  ion 
pathway,  then  the  trend  should  extend  to  the  bromo  (84) 
methyl  (JHJ  and  unsubstituted  (80 )  compounds.  However, 
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as  the  electron  density  of  the  pyrimidine  ring  in¬ 
creases,  the  Schiff  base  pathway  must  become  signifi¬ 
cant.  The  bromo  derivative  ( 84 )  would  represent  the 
start  of  this  trend,  and  probably  hydrolyses  via  both 
pathways.  Whether  ( 80 )  and  (81)  hydrolyse  exclusively 
by  the  Schiff  base  pathway  (Scheme  I)  was  not  deter¬ 
mined.  The  hydrolysis  rate  of  1- [ ( 2-hydroxyethoxy )- 
methyl ] -5-iodouracil  ( 85 )  was  of  key  interest,  but 
deiodination  occurred  under  the  hydrolysis  conditions. 

To  investigate  further  the  Schiff  base  possibility, 
the  solvolysis  of  ( 80  ) ,  ( 81  ) ,  ( 86  )  and  ( 22 )  were 

effected  in  anhydrous  methanolic  hydrogen  chloride.  If 
a  Schiff  base  intermediate  were  formed,  it  might  be 
trapped  under  these  conditions .  ^0  •  263  jn  t^e  case  Gf 

( 80 )  and  (81)  trapping  was  observed  and  the  uracil  and 

* 

thymine  derivatives  ( 73 )  and  ( 74 )  were  detected.  No 
such  products  ( ( 75  )  and  ( 140  )  )  were  observed  in 
solvolyses  of  ( 86 )  and  ( 22 )  under  identical  conditions. 
It  may  be  argued  that  changing  the  solvent  may  also 
alter  the  reaction  pathway.  However,  since  specific 
acid  catalysis  was  observed  and  little  participation  of 
solvent  before  the  transition  state  occurred,  this 
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By  HPLC  comigration  with  synthetic  samples. 
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(13)  R=  h 

(74)  R=  ch, 

(75)  R=  no, 
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seems  unlikely.  Compound  ( 80 )  hydrolyses  faster  than 

( 81 ) ,  which  would  not  be  expected  if  a  Schiff  base 

pathway  were  operating  exclusively.  One  possible 

explanation  is  that  the  electron  donating  properties  of 

the  methyl  group  facilitate  protonation  of  the 

pyrimidine  ring;  an  event  that  would  retard  Schiff  base 

formation.  Comparison  of  the  rates  of  hydrolysis  of 

the  1- [( 2-hydroxyethoxy )methyl ] -5-subst ituted  uracils 

with  their  2 ' -deoxyribosyl  counterparts^-^  shows  that  the 

retardations  are  not  of  the  same  order  of  magnitude. 

For  example,  the  1- [( 2-hydroxyethoxy )methyl ] urac i 1 

compounds  with  an  electron  withdrawing  substituent  at 

the  5-position  show  a  >  100-fold  retardation  in  rate 

219 

relative  to  the  corresponding  2 ' -deoxynucleosides 
whereas  1- [( 2-hydroxyethoxy )methyl ] uraci 1  ( 80 ) 
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hydrolyses  at  one  half  the  rate  of  2'-deoxy- 
uridine.  This  is  consistent  with  the  operation  of 
different  mechanisms.  The  Schiff  base  intermediate 
(136)  may  be  destabilised  to  a  lesser  extent  than  the 
oxocarbonium  ion  intermediate  ( 135 )  ,  due  to  the  greater 

ability  of  nitrogen  to  stabilise  an  adjacent  positive 
charge .338 

Cytidine  is  the  most  acid  labile  of  the  natural 
pyrimidine  nucleosides,  and  likely  hydrolyses  via  the 
oxocarbonium  ion  pathway. 218  Qur  results  support 
this.  Although  the  hydrolysis  of  1- [  ( 2-hydroxyethoxy ) - 
methy 1 ] cy tos ine  ( 88  )  was  complicated  by  deamination  of 
the  base  to  give  uracil  by-products,  the  rate  of 
disappearance  of  starting  material  was  taken  as  an 
"upper  limit",  i.e.  the  hydrolysis  rate  could  be  no 
faster  than  that  of  the  overall  disappearance  of 
( 88 ) .  This  rate  is  at  least  100-fold  slower  than  that 
of  2 ' -deoxycyt idine  ( 12  )  and  25-times  slower  than  that 
of  (j8C0 .  The  introduction  of  electron  withdrawing 
groups  at  the  5-position  of  the  cytosine  ring  would  be 
expected  to  cause  rate  enhancements.  Unfortunately, 
these  groups  also  increased  the  rate  of  deamination. 
Treatment  of  the  5-chloro  ( 93 )  and  5-bromo  ( 94 ) 
derivatives  resulted  in  complete  deamination  before  any 
hydrolysis  of  the  side-chain  was  detected.  Glycosyl 
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. 
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cleavage  did  compete  with  deamination  in  the  hydrolysis 
of  5-nitro-l- [( 2-hydroxyethoxy )methyl ] cytosine  ( 89 )  in¬ 


dicating  approximately  a  two  orders  of  magnitude  rate 
enhancement  over  that  of  the  unsubstituted  compound 
(88). 

Deamination  was  not  a  problem  with  the  hydrolysis 
of  3- [( 2-hydroxyethoxy )methyl ] cytosine  ( 100 ) .  The 
marked  increase  in  rate  of  hydrolysis  of  ( 100 )  as 
compared  to  the  N-l  isomer  ( 88 )  is  readily  explained  by 
the  basicities  of  the  leaving  groups.  Suitable  models 
are  N-3-methy lcytos ine  (pKa  7.38)269  ( 45 )  and  N-l- 
methy lcytos ine  (pKa  4.55)  ( 14 1 ) . 269 


CH3 

(lit!) 


(45) 


The  importance  of  the  basicity  of  the  leaving 
group  also  was  reflected  in  the  rates  of  hydrolysis  of 
(90 )  and  (96_) .  Both  are  readily  protonated  at  N3  of 
the  heterocycle  but  the  2-amino  substituent  in  (_90_) 


causes  a  significant  increase  in  basicity  at  the 
departing  N-l  position  (N-3-methyl  isocytosine 


causes 
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HO 


pK  4.2f^9  N-3-methyl  py r imid-4-one  pKa  1.84266).  Thus 
( 96 )  was  found  to  hydrolyse  40-times  faster  than 
( 90 ) .  This  fact,  in  addition  to  being  consistent  with 
the  oxocarbonium  ion  pathway  (Scheme  II),  contradicts 
Dekker's  suggestion  that  intramolecular  proton  transfer 
is  an  important  consideration  in  the  mechanism  of 

o  n  o 

hydrolysis  of  isocytidine. 

Summary  of  Kinetic  Results 

The  acid  catalysed  hydrolysis  of  purine  nucleo¬ 
sides  is  now  generally  accepted  to  occur  via  an  oxocar¬ 
bonium  ion  intermediate  (Scheme  n ). 224 , 225 , 228-231 , 233 
The  relative  rates  of  hydrolysis  of  the  present  series 
of  9- [ ( 2-hydroxyethoxy ) methyl ] pur ines  were  consistent 
with  such  a  mechanism,  as  were  the  pH/rate  profile  and 
temperature  study  with  ( 22  )  and  (131  ) .  Replacement  of 
the  ribose  moiety  with  the  ( 2-hydroxyethoxy )methy 1 


group  did  not  appear  to  change  the  mechanism  of 
hydrolysis,  but  merely  retarded  the  rates  of  reaction. 

The  markedly  slower  rate  of  hydrolysis  in  the  (2- 
hydroxyethoxy )methyl  cytosine  compounds  allowed 
deamination  to  compete.  However,  it  was  clear  that 
electron  withdrawing  substituents  increased  the  rate  of 
hydrolysis  in  harmony  with  the  "oxocarbonium  ion" 
mechanism.  This  is  in  agreement  with  work  of  Shapiro 
and  Danzig^-^  and  Lonneberg^l  on  hydrolyses  of 
cytidine  nucleosides.  The  comparatively  fast  rates  of 
hydrolysis  of  3-  [  ( 2-hydroxyethoxy )methy 1 ] cy tos ine  ( 100 ) 
and  1- [( 2-hydroxyethoxy )methyl ] cy tos ine  ( 90 )  are  in 
harmony  with  the  more  facile  departure  of  less  basic 
heterocyclic  leaving  groups.  This  has  clarified  the 
situation  with  respect  to  the  hydrolysis  of  nucleosides 
(pyrimidines  as  well  as  purines)  with  readily 

protonated  bases  (pka  >1). 

In  contrast  to  these  consistent  results  with 
purine  and  cytosine  nucleosides,  little  is  known  about 
the  detailed  hydrolysis  mechanism  for  uracil  nucleo¬ 
sides.  Our  trapping  experiments  and  comparisons  of 
rates  of  hydrolysis  of  5-subst ituted-1- [( 2-hydroxy¬ 
ethoxy  )methyl ] uraci Is  suggest  the  operation  of  at  least 
two  mechanisms  (Schemes  I  and  II).  The  nature  of  the 
base  and/or  sugar  substituents  appears  to  control  which 
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pathway  predominates.  Such  an  explanation  not  only 
allows  an  interpretation  of  our  results  (but  also 
provides  a  plausible  rationalisation  of  previously 
published  work  (see  introduction ). 217-219 ' 260-264 

Scheme  III  summarises  several  pathways  available 
to  nucleosides  in  aqueous  acid  solutions.  For 
predictions  regarding  the  acid  stability  of  a 
particular  nucleoside,  factors  such  as  the  possible 
site(s)  of  protonation  and  the  basicity  of  the  leaving 
group  appear  to  be  more  significant  than  whether  the 
base  is  a  pyrimidine  or  a  purine.  Further  studies  on 
pyrimidine  nucleoside  analogues  having  bases  with  a 
range  of  pka  values  for  both  protonation  (pka^)  and 
departure  (pka2)  and  graded  stabilities  of  the 
oxocarbonium  ion  fragment  might  allow  clarification  of 
further  mechanistic  details.  Cytosine  analogues  with 
decreased  pka2  values  but  stable  towards  deamination 
would  be  useful  for  further  corroboration  of  the  mode 
of  hydrolysis  of  this  type  of  nucleoside. 
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EXPERIMENTAL 


a )  GENERAL  PROCEDURES 

Melting  points  were  determined  on  a  Reichert 
microstage  apparatus  and  are  uncorrected.  Nuclear 
magnetic  resonance  ( NMR )  spectra  were  recorded  on 
Varian  HA-100,  Bruker  WH-200  or  Bruker  WH-400  spec¬ 
trometers  operating  in  the  FT  mode,  with  tetramethyl- 
silane  as  internal  reference  normally  in  deuterated 
dimethylsulphoxide  (DMSO)  unless  specified  otherwise. 
Ultraviolet  (UV)  spectra  were  recorded  on  a  Cary  15 
spectrophotometer.  Mass  spectra  (MS)  were  determined 
by  the  mass  spectrometry  laboratory  of  this  department 
on  an  AEI  MS-50  instrument  with  computer  processing  at 
70  eV  using  a  direct  probe  for  sample  introduction. 
Elemental  analyses  were  determined  by  the  micro- 
analytical  laboratory  of  this  department.  Evaporations 
were  effected  using  Buchler  and  BUchi  rotating 
evaporators  equipped  with  Dewar  "dry  ice"  condensers 
under  water  or  mechanical  oil  pump  vacuum,  at  40°C  or 
cooler.  Thin  layer  chromatography  (TLC)  was  performed 
on  E.  Merck  chromatographic  sheets  (silica  gel  60  F254, 
layer  thickness  0.2  mm,  catalogue  No.  5775)  with  sample 
observation  under  UV  light  (2537  A).  Preparative  layer 
chromatography  (PLC)  was  performed  on  glass  plates 
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coated  with  Merck  silica  gel  PF  254.  The  solvents  used 
for  TLC  were:  different  ratios  of  methanol  and  chloro¬ 
form  (1:50,  1:20,  1:10),  SSE  (the  upper  phase  of 
EtOAc: n-PrOH :H20,  4:1:2)  and  i-PrOH : H20 : NH4OH  (7:2:1). 
Column  chromatography  was  performed  using  Mallinckrodt 
CC-7  (200  mesh)  silica  gel  and  Barnebey-Cheney  Au-4 
charcoal.  The  charcoal  was  conditioned  by  washing  with 
methanol  then  chloroform  and  allowing  it  to  dry.  This 
was  followed  by  refluxing  it  in  aqueous  HC1  (1  molar), 
with  the  acid  solution  being  replaced  periodically 
until  the  supernatant  solution  remained  colourless, 
followed  by  similar  sequential  refluxing  in  10%  aqueous 
sodium  hydroxide.  Finally  the  charcoal  was  washed  with 
water  until  neutral,  methanol,  chloroform  and  air 
dried.  All  solvents  used  were  reagent  grade  and  were 
distilled  prior  to  use.  Purification  of  most  solvents 
and  reagents  was  accomplished  as  described  in 
references  339  and  340.  Dried  solvents  were  stored 
over  Davison  3  and  4  A  molecular  sieves  purchased  from 
the  Fisher  Scientific  Company. 

The  syntheses  of  ( 2-hydroxyethoxy )methy 1- 
nucleos ides  from  appropriate  heterocycles  generally 
involved  two  steps,  the  coupling  reaction  and  the 
subsequent  deacylation.  Three  procedures  were 
developed  for  each  transformation  and  are  described  in 
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detail  for  compounds  (64  )  f  ( 103  ) ,  (110  ),  (80  ),  (82  ), 


( 96 ) .  .These  are  designated  as  Coupling  methods  A,  B 
and  C  and  Deprotection  methods  A,  B  and  C,  respec¬ 
tively.  Subsequent  experimental  descriptions  will 
refer  to  these  methods. 

Buffer  solutions  were  formulated  to  1.0  M  from 
commercially  available  materials:  pH  0-2.3,  HC1;  pH 
3-4.5,  formic  acid;  pH  4. 5-5. 5,  acetic  acid;  pH  6.0- 
7.6,  monosodium  phosphate.  Ionic  strength  was  main¬ 
tained  at  1.0  M  by  the  addition  of  sodium  chloride.  pH 
readings  were  made  with  a  Radiometer  GK  2321C  combina¬ 
tion  electrode  standardised  with  fischer  certified 
buffers  (pH  4.00,  7.00  and  10.00)  immediately  before 
use.  pH  values  were  measured  at  room  temperature  and 
no  corrections  were  made  for  their  use  at  elevated 
temperatures.  Three  methods  were  employed  for  the 
collection  of  the  kinetic  data: 

Method  A;  faster  kinetic  data  (k  >  3  x  10~4 
mins-^)  were  obtained  using  a  Varian/Cary  210 
UV/visible  spectrophotometer  interfaced  to  an  Apple  II 
microcomputer.  This  arrangement  allowed  collection  of 
absorbance/time  data  for  up  to  5  cells  and  analysed  the 
kinetic  curves  as  being  first  order  with  a  standard 
non-linear  leasts  squares  method.  Reactions  were 
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initiated  by  injecting  100  pL  of  a  nucleoside  stock 
solution  into  3  mL  of  the  appropriate  hydrolysis 
solution  that  was  maintained  at  77  ±  0.2°C,  in  a  1  cm 
length  quartz  cuvette.  The  pH  values  of  the  initial 
and  final  hydrolysis  solutions  were  measured  and  found 
to  be  invariant. 

Method  B;  slower  kinetic  data  (k  <  3  x  10”^ 
mins--*-),  or  data  from  hydrolysis  solutions  which  had 
only  small  changes  in  the  UV  spectrum,  were  obtained  by 
the  following  procedure.  Appropriate  hydrolysis  solu¬ 
tions  (50  pL )  were  sealed  in  capillary  tubes  and 
immersed  in  a  Colora  constant  temperature  bath  at  77  ± 
0.5°C.  The  reaction  was  halted  by  breaking  a  tube  in 
0.05  N  sodium  hydroxide  solution  (1  mL).  A  100  pL 
portion  of  this  "quenched  solution"  was  then  analysed 
on  a  Waters  high  performance  liquid  chromatograph 
( HPLC )  fitted  with  a  Columbia  Scientific  Industries 
digital  mini-Lab  integrator  model  CSl  38.  Separation 
of  products  was  achieved  on  a  reversed  phase  column 
(Whatman  PxS-1025  ODS-2,  4.6  mm  x  25  cm)  with  a  mobile 
phase  of  0.1  m  NH4H2PO4  in  various  mixtures  of  aceto¬ 
nitrile  and  water  (1:40,  1:20,  1:10)  at  a  flow  rate  of 
3  mL/min  (3,000  p.s.i.).  The  system  was  calibrated  at 
a  particular  wavelength  for  each  nucleoside  studied.  A 
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molar  ratio  of  starting  material  to  final  product  was 
determined  in  order  to  eliminate  errors  due  to 
dilution.  Analysis  of  the  kinetic  curves  was  effected 
using  a  standard  non-linear  least  squares  method. 

Method  C;  sodium  hydroxide  "quenched  solutions" 
were  obtained  as  described  in  "Method  B".  The  analysis 
of  these  solutions  was  performed  by  measuring  the 
progressive  change  in  UV  absorbance  at  a  specified 
wavelength.  The  absorbance/time  data  was  analysed  with 
a  standard  non-linear  least  squares  method. 

b)  SYNTHESIS 


( 2-Acetoxyethoxy )methy 1  bromide  ( 61 ) 

Freshly  distilled  acetyl  bromide  (13  g,  106  mmol) 
was  stirred  with  cooling  in  an  ice  bath  while  7.4  g 
(100  mmol)  of  1 , 3-dioxolane  (_59)  was  added  slowly.  A 
rapid  exothermic  reaction  occurred  giving  quantitative 
conversion  to  (61)  (as  judged  by  3H  NMR).  Vacuum 
distillation  of  this  material  gave  17.4  g  (88%)  of 
( 61 ) ;  bp  58-60  °C/0 . 1  Torr;  1H  NMR  (CDC13,  100  MHz)  6 

2.10  (s,  3,  CH3CO),  3.88  and  4.27  (A2B2  multiplet,  2 
and  2,  OCH?CH?OAc ) ,  5.72  (s,  2,  OCH2Br);  13C  NMR 

(CDCI3,  22.6  MHz)  6  20.80  (CH3CO),  62.14  and  69.22 


* 
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(AcC)CH2CH2  )  t  75.60  (OCH2Br),  170.69  (CH3CO).  MS  (Cl) 
m/z  214,  216  (M+  +  1 8  [ 79Br , 81Br ]  ) .  Anal.  Calcd.  for 

^5^9®r^3:  ^ '  30.48;  H,  4.60;  Br,  40.55.  Found:  C, 

30.55;  H,  4.59;  Br,  40.72. 


Coupling  Method  A 

1- [ ( 2-Ace toxy ethoxy ) me thy 1 ] uraci 1  ( 64 ) 

To  a  suspension  of  168  mg  (1.5  mmol)  of  uracil  ( 5 ) 
in  5  mL  of  hexamethyldisilazane  was  added  a  drop  of 
chlorotr imethy Is i lane  and  the  stirred  mixture  was 
heated  at  reflux  with  exclusion  of  moisture  until  a 
clear  solution  was  obtained.  Excess  silylating  agent 
was  removed  in  vacuo  with  protection  against  mois¬ 
ture.  The  residual  clear  oil  was  dissolved  in  15  mL  of 
dry  acetonitrile  and  cooled  to  0°C.  A  solution  of 
197  mg  (1  mmol)  of  ( 2-acetoxyethoxy )methy 1  bromide  ( 61 ) 
in  5  mL  of  dry  acetonitrile  was  added  slowly  with 
stirring.  The  solution  was  allowed  to  stir  for  2  h 
while  warming  to  room  temperature,  at  which  time  TLC 
(silica  gel,  10%  MeOH/CHCl3)  indicated  complete  re¬ 
action.  Volatile  materials  were  evaporated  in  vacuo. 
The  resulting  yellow  oil  was  chromatographed  on  a 
column  (20  g  silica  gel,  3  cm  diameter)  using  2% 
MeOH/CHCl3  as  eluant.  Fractions  containing  ( 64 )  were 
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combined  and  evaporated.  The  residue  was  crystallised 
from  CHC13/Et20  to  give  181  mg  (79%)  of  ( 64 ) ;  mp  77- 
78  °C ;  1H  NMR  (CDCI3,  100  MHz)  6  2.07  (s,  3,  CH  3 )  ,  3.81 
and  4.23  (A2B2  multiplet*,  2  and  2,  OCb^CH^OAc  ) ,  5.21 
(s,  2,  NCH20),  5.80  (d,  J  =  8  Hz,  1,  H5),  7.33  (dr 
J  =  8  Hz,  1,  H6),  9. 4-9.7  (broad  s,  1,  NH ) .  MS  m/z 
228.0747;  calcd.  for  M+:  228.0742.  UV  (0.1  N  HC1)  max 

259  nm  (e  9800),  min  228  nm  (e  2300);  (0.1  N  NaOH)  max 

259  nm  (e  6800),  min  243  nm  (e  5700).  Anal.  Calcd.  for 

^9^12^2^5:  C,  47.37;  H,  5.30;  N,  12.28.  Found:  C, 

47.09;  H,  5.39;  N,  12.16. 

Deprotection  Method  A 

1-  [  ( 2 -Hydroxy ethoxy ) methyl] uracil  (  80 ) 

A  228  mg  sample  of  1- [  ( 2-acetoxye thoxy )methy 1 ] - 
uracil  (_6^)  was  added  to  40  mL  of  MeOH  saturated  with 
NH3  at  10°C.  The  flask  was  stoppered  tightly  and  the 
solution  was  stirred  at  room  temperature  for  5  h.  TLC 
(10%  MeOH /CHC 1 3 )  indicated  that  complete  deprotection 
of  (64 )  had  occurred.  Volatile  materials  were  evapo¬ 
rated  and  the  residue  was  crystallised  from  MeOH  to 
give  169  mg  (90%)  of  (80_)  ;  mp  147-148°C;  1H  NMR  (DMSO- 
d6,  100  MHz)  6  3.48  (s,  4,  OCH^CH^0 )r  4-64  (broad  s,  1, 
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Rigorously  named  an  AA ' BB '  system. 
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7.67  (d,  J  =  8  Hz,  1,  H6),  11.25  (broad  s,  1,  NH ) .  MS 
m/z  186.0640;  calcd.  for  M+:  186.0641.  UV  (0.1  N  HC1) 

max  259  nm  (e  9700),  min  229  nm  (e  2500);  (0.1  N  NaOH ) 

max  260  nm  (e  6700),  min  243  nm  (e  5400).  Anal.  Calcd. 

for  C7H-LQN2O4:  C,  45.16;  H,  5.41;  N,  15.05.  Found: 

C,  44.93;  H,  5.33;  N,  15.06. 

1- [ ( 2 -Ace toxy ethoxy ) me thy 1 ] thymine  ( 65 ) 

Under  the  conditions  outlined  in  "coupling  method 
A"  189  mg  (1.5  mmol)  of  thymine  were  coupled  with  197 
mg  (1  mmol)  ( 2-acetoxyethoxy )methyl  bromide  ( 61 ) .  The 
crude  product  was  chromatographed  on  silica  gel,  with 
2%  MeOH /CHC 1 3  as  elutant,  followed  by  crystallisation 
from  CHCl3/Et20  to  give  203  mg  (84%)  of  ( 65 ) ;  mp  123- 

125  °C ;  1H  NMR  (DMSO-d6,  400  MHz)  6  1.78  (d,  J  =  1.2  Hz, 

3,  C5-CH3),  2.01  (s,  3,  CH3CO),  3.70  and  4.11  (A2B2 
multiplet,  2  and  2,  OC^CH^OAc ) ,  5.08  (s,  2,  NCH20) , 
7.56  (q,  J  =  1.2  Hz,  1,  H6),  11.5  (broad  s,  1,  NH ) .  MS 
m/z  242.0903;  calcd.  for  M+:  242.0943.  UV  (0.1  N  HC1) 
max  264  nm  (e  9600)  min  233  nm  (e  2500);  (0.1  N  NaOH) 

max  265  nm  (e  7000)  min  246  nm  (e  4800).  Anal.  Calcd. 

for  qH  1 4N  2O5 :  C,  49.57;  H,  5.83;  N,  11.56. 

C,  49.32,  H,  5.72;  N,  11.57. 


Found : 
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1- [ ( 2 -Hydroxy ethoxy )methyl ] thymine  (81 ) 


A  4  g  (16.5  mmol)  sample  of  1— [  ( 2— acetoxye thoxy )  — 
methyl ] thymine  ( 65 )  was  deacylated  as  described  in 
"deprotection  method  B".  The  crude  product  was  re¬ 
crystallised  from  MeOH/Et 20  to  give  3.077  g  (93%)  of 
(81)?  mp  150. 5-1 52  °C .  1H  NMR  (DMSO-d6,  400  MHz), 

6  1.78  (d,  J  =  1.2  Hz,  1,  C5-CJH3),  3.50  (s,  4, 

OCH9CH9O ) ,  4.65  (broad  s,  1,  OH),  5.06  (s,  2,  NCH20), 
7.55  (q,  J  =  1.2  Hz,  1,  H6 ) ,  11.5  (broad  s,  1,  NH ) .  MS 
m/z  200.0801;  calcd.  for  M+:  200.0797.  UV  (0.1  N  HC1) 
max  265  nm  (e  9000)  min  234  nm  (e  2200);  (0.1  N  NaOH ) 
max  264  nm  (e  6500)  min  245  nm  (e  4400).  Anal.  Calcd. 
for  CgH22N20^:  C,  48.00;  H,  6.04;  N,  13.99.  Found: 

C,  48.00;  H,  5.95;  N,  13.95. 

1- [ ( 2 -Ace toxy ethoxy ) methyl ] -5-f luorourac i 1  ( 66 ) 

Under  the  conditions  outlined  in  "coupling  method 
A"  195  mg  (1.5  mmol)  of  5-f luorourac i 1  ( 14 )  were 
coupled  with  197  mg  (1  mmol)  of  ( 61 ) .  The  crude 
product  was  chromatographed  on  a  silica  gel  column  with 
2%  MeOH /CHC 1 3  as  eluant,  followed  by  crystallisation 
from  CHCl3/Et20  giving  207  mg  (84%)  of  ( 66  )  ;  mp  148- 
149  °C ;  1H  NMR  (DMSO-d6,  100  MHz)  6  1.98  (s,  3,  CH3), 
3.74  and  4.13  (A2B2  multiplet,  2  and  2,  OCH 9CH 9OAC ) , 
5.04  (s,  2,  NCH20),  8.10  (d,  J  =  6.6  Hz,  1,  H6),  11.9 


« 
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(broad  sf  1,  NH ) .  MS  m/ z  246.0652;  calcd.  for  M+: 
246.0640.  UV  (0.1  N  HC1)  max  266  nm  (e  8600)  min  232 
(e  2000)  (0.1  N  NaOH)  max  265  nm  (e  6200)  min  248  nm 
(e  5000).  Anal.  Calcd.  for  C,  43.90;  H, 

4.50;  N ,  11.38.  Found:  C,  43.68;  Hf  4.63  N,  11.20. 

Deprotection  Method  B 

5-Fluoro-l-  [  ( 2-hydroxyethoxy )methyl]uracil  ( 82 ) 

To  60  ml  of  dry  MeOH  was  added  0.23  g  (10  mmol)  of 
sodium  metal.  After  hydrogen  evolution  was  complete 
1.476  g  (6  mmol)  of  ( 66 )  was  added.  Stirring  was 
continued  for  2  h  at  room  temperature.  TLC  (10% 
MeOH/CHCl3)  indicated  that  complete  deprotection  of 
(66)  had  occurred.  Amberlite  IR-120  (H+)  resin  was 
added  until  the  solution  was  neutral  to  moist  pH 
paper.  The  mixture  was  filtered,  the  resin  washed  with 
MeOH  and  the  combined  filtrate  evaporated.  The 
colourless  residual  powder  was  recrystallised  from 
MeOH/H20  to  give  1.175  g  (96%)  of  ( 82 )  ;  mp  154-156°C; 

1H  NMR  (DMSO-d6,  100  MHz),  <5  3.48  (s,  4,  OCH?CH?0 ) , 

4.61  (broad  s,  1,  OH),  5.05  (s,  2,  NCH20),  8.10  (d, 

J  =  6.6  Hz,  1,  H6 ) ,  6  11.7  (broad  s,  1,  NH ) .  MS  m/z 

204.0541;  calcd.  for  M+:  204.0546.  UV  (0.1  N  HC1)  max 

266  nm  ( e  8200)  min  232  nm  (e  1800);  (0.1  N  NaOH)  max 


« 


265  nm  (e  6100)  min  248  nm  (e  4700).  Anal.  Calcd.  for 
C7H9FN204:  C,  41.18;  H,  4.44;  N,  13.72.  Found:  C, 

41.12;  H,  4.56;  N,  13.63. 


1- [ ( 2-Acetoxy ethoxy ) methyl ] -5-chlorouracil  (  67 ) 

Under  the  conditions  outlined  in  "coupling  method 
A"  219.8  mg  (1.5  mmol)  of  5-chlorouracil  were  coupled 
with  197  mg  (1  mmol)  of  ( 2-acetoxyethoxy )methyl  bromide 
( 61 ) .  The  crude  product  was  chromatographed  on  silica 
gel,  with  2%  MeOH/CHCl3  as  elutant,  followed  by  crys¬ 
tallisation  from  CHC 1  ^/Et 20  to  give  228  mg  (87%)  of 
( 67 ) ;  mp  119-120°C;  1H  NMR  (DMSO-d6,  100  MHz)  6  2.01 
(s,  3,  CH3),  3.73  and  4.11  (A2B2  multiplet,  2  and  2, 
OCH2CH?QAc ) ,  5.11  (s,  2,  NCH20),  8.20  (s,  1,  H6),  11.9 
(broad  s,  1,  NH ) .  MS  m/z  262.0359,  264.0337  (35C1, 

37C1 ) ;  calcd.  for  M+:  262.0379,  264.0296  (  35C1, 

37C1).  UV  (0.1  N  HC1)  max  274  nm  (e  8700)  min  238  nm 
(e  1500);  (0.1  N  NaOH)  max  271  nm  (e  5900)  min  249  nm 
(e  3600).  Anal.  Calcd.  for  CgH^ClN^jO^:  C,  41.16;  H, 
4.22;  N,  10.67.  Found:  C,  41.10;  H,  4.06;  N,  10.66. 


5-Chloro-l-  [  (  2-hydroxyethoxy  )methy  1 3  urac i  1  (_83_) 

A  200  mg  (0.76  mmol)  sample  of  1- [( 2-acetoxy¬ 
ethoxy  )methyl ] —5— chlorouracil  ( 67  )  was  deacylated  as 
described  in  "deprotection  method  B". 


The  crude 
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product  was  recrystallised  from  95%  EtOH  to  give  164  mg 
(98%)  of  {S3)  ;  mp  167-168°C;  1H  NMR  (DMSO-d6,  100  MHz), 


6  3.50  (s,  4,  OCH 9CH 20 ) ,  4.30  (broad  s,  1,  OH),  5.08 
(s,  2,  NCH20),  8.16  (s,  1,  H6).  MS  m/z  220.0248, 
222.0227  (35C1,37C1).  Calcd.  for  M+:  220.0251, 

222.0221.  UV  (0.1  N  HC1)  max  274  nm  (e  8500)  min  238 
nm  (e  1500)  (0.1  N  NaOH )  max  272  nm  (e  5800)  min  249  nm 

( £  3500).  Anal.  Calcd.  for  C7H9CIN2O4:  C,  38.11;  H, 
4.11;  N,  12.70.  Found:  C,  37.88;  H,  3.96;  N,  12.42. 


1- [ ( 2 -Ace toxy ethoxy ) methyl ] -5-bromouracil  ( 68 ) 

Under  the  conditions  outlined  in  "coupling  method 
A"  286.5  mg  (1.5  mmol)  of  5-bromouracil  were  coupled 
with  197  mg  (1  mmol)  of  ( 2-acetoxyethoxy )methyl  bromide 
( 61 ) .  The  crude  product  was  chromatographed  on  silica 
gel,  with  2%  MeOH/CHCl3  as  elutant,  followed  by  crys¬ 
tallisation  from  CHC13/Et20  to  give  264  mg  (86%)  of 
( 68 ) ;  mp  131-132°C;  1H  NMR  (DMSO-d6,  100  MHz)  6  2.00 
(s,  3,  CH3),  3.73  and  4.10  (A2B2  multiplet,  2  and  2, 
OC^CH^OAc)  5.10  (s,  2,  NCH20),  8.26  (s,  1,  H6),  8.8 
(broad  s,  1,  NH ) .  MS  (Cl)  m/z  324,  326  (M+  +  18  [79Br, 

81Br ] ) .  UV  (0.1  N  HC1)  max  277  nm  (e  8600)  min  241  nm 
(e  1100);  (0.1  N  NaOH)  max  274  nm  (e  5900)  min  250  nm 

(e  3300).  Anal.  Calcd.  for  C9H33BrN205:  C,  35.20;  H, 
3.61;  N,  9.12.  Found:  C,  35.04;  H,  3.66;  N,  8.99. 
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5-Bromo-l- [ ( 2-hydroxy ethoxy ) me thy 1 ] uraci 1  ( 84 ) 


A  307  mg  (1  mmol)  sample  of  1- [( 2-acetoxyethoxy ) - 
methy 1 ] -5-bromouraci 1  ( 68  )  was  deacylated  as  described 
in  "deprotection  method  A".  The  crude  product  was 
recrystallised  from  95%  EtOH  to  give  206  mg  (78%)  of 
( 84 ) ;  mp  152-153°C;  1H  NMR  (DMSO-d6,  100  MHz)  6  3.51 
(sf  4,  OCHgCH 9O ) ,  4.6  5  (broad  s,  1,  OH),  5.10  (s,  2, 
NCH20),  8.25  (s,  1,  H 6 ) ,  11.75  (broad  s,  1,  NH ) .  MS 
m/z  263.9746,  265.9727  (79Br,  81Br).  Calcd.  for  M+: 
263.9746,  265.9725.  UV  (0.1  N  HC1)  max  276  nm  (e  8600) 
min  241  nm  (e  1700);  (0.1  N  NaOH )  max  274  nm  (e  5700) 
min  251  nm  (e  3300  ).  Anal.  Calcd.  for  CyHgBrN^^  C, 
31.72;  H,  3.42;  N,  10.57.  Found:  C,  31.91;  H,  3.52; 

N,  10.46. 

1- [ ( 2-Acetoxyethoxy )methyl] -5-iodouraci 1  ( 69 ) 

Linder  the  conditions  outlined  in  "coupling  method 
A"  357  mg  (1.5  mmol)  of  5-iodouracil  were  coupled  with 
197  mg  (1  mmol)  of  ( 2-acetoxyethoxy )methyl  bromide 
( 61 ) .  The  crude  product  was  chromatographed  on  silica 
gel,  with  2%  MeOH/CHCl3  as  elutant,  followed  by  crys¬ 
tallisation  from  CHC13/Et20  to  give  280  mg  (79%)  of 
( 69 ) ;  mp  121-123°C;  1H  NMR  (DMSO-d6,  100  MHz)  6  1.99 
(s,  3,  CH3),  3.70  and  4.09  (A2B2  multiplet,  2  and  2, 
OCH^j^OAc),  5.08  (s,  2,  NCH20),  8.23  (s,  1,  H6),  11.7 


. 
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(broad  s,  1 ,  NH ) .  MS  m/z  353.9727.  Calcd.  for  M+: 
353.9753.  UV  (0.1  N  HC1)  max  285  nm  (e  7000)  min  246 
nm  (e  2000);  (0.1  N  NaOH)  max  276  nm  (e  5000)  min  252 
nm  (g  3300).  Anal.  Calcd.  for  C9HnIN205:  C,  30.53; 
H,  3.13;  N,  7.90.  Found:  Cf  30.53;  H,  3.18;  N,  7.60. 


1- [ ( 2-Hydroxy ethoxy ) methyl ] -5-iodourac il  ( 85 ) 

A  708  mg  (2  mmol)  sample  of  1- [( 2-acetoxyethoxy ) - 
methyl ] -5-iodouracil  (  69  )  was  deacylated  as  described 
in  "deprotection  method  B".  The  crude  product  was 
recrystallised  from  CHC12/Et20  to  give  576  mg  (92%)  of 
(85);  mp  175-176°C;  1H  NMR  (DMSO-d6,  100  MHz)  6  3.50 
(s,  4,  OCH2CH9O ) ,  4.65  (broad  s,  1 ,  OH),  5.08  (s,  2, 
NCH20),  8.20  (s,  1,  H  6 )  ,  11.65  (broad  s,  1,  NH ) .  MS 
m/z  311.9612.  Calcd.  for  M+:  311.9607.  UV  (0.1  N 

HC1 )  max  286  nm  (e  7100)  min  245  nm  (e  2000);  (0.1  N 

NaOH)  max  277  nm  (e  5000)  min  251  nm  (e  3100).  Anal. 
Calcd.  for  C7H9IN204:  C,  26.95;  H,  2.91;  N,  8.98. 
Found:  C,  27.02;  H,  3.00;  N,  8.84. 


1- [ ( 2-Ace toxyethoxy )methyl ] -5-nitrouracil  ( 70 ) 

Under  the  conditions  outlined  in  "coupling  method 
A"  235.5  mg  (1.5  mmol)  of  5-ni trouraci 1  were  coupled 
with  197  mg  (1  mmol)  of  ( 2-acetoxyethoxy )methyl  bromide 
(61).  The  crude  product  was  chromatographed  on  silica 
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gel,  with  5%  MeOH/CHCl^  as  elutant,  followed  by  crys¬ 
tallisation  from  CHC13/Et20  giving  236  mg  (86%)  of 
(70 ) ;  mp  134-135  °C ;  1H  NMR  (DMSO-d6,  100  MHz)  6  1.99 
(s,  3,  CH3  ) ,  3.79  and  4.11  (A2B2  multiplet,  2  and  2, 
OCH^CH^OAc),  5.27  (s,  2,  NCH20) ,  9.29  (s,  1,  H6),  12.0 
(broad  s,  1,  NH ) .  MS  (Cl)  m/z  291  (M+  +  18).  UV 
(0.1  N  HC1)  max  296  and  234  nm  ( e  9900  and  8000)  min 
257  and  206  nm  (£  3200  and  1900);  (0.1  N  NaOH)  max  323 

nm  (e  13,000)  min  264  nm  (e  2700).  Anal.  Calcd.  for 

(-'9^11n3(-)7:  C »  39.57;  H,  4.06;  N,  15.38.  Found:  C, 

39.31;  H,  4.03;  N,  15.22. 

1- [ ( 2-Hydroxyethoxy )methyl] -5-n i t rourac il  ( 86 ) 

A  180  mg  (0.659  mmol)  sample  of  1- [  ( 2-acetoxy- 
ethoxy )methyl ] -5-nitrouraci 1  ( 70 )  was  deacylated  as 
described  in  "deprotection  method  B".  The  crude 
product  was  recrystallised  from  MeOH/Et20  to  give  140 
mg  (92%)  of  (  86) ;  mp  173-175°C;  1H  NMR  (DMSO-d6,  100 
MHz)  6  3.  58  (multiplet,  4,  OCH_9CH9Q)  ,  5.70  (t,  J  =  5 
Hz,  1,  OH)  6.28  (s,  2,  NCH20),  9.30  (s,  1,  H6)  12.05 
(broad  s,  1,  NH ) .  MS  m/z  231.0487.  Calcd.  for  M+: 
231.0491.  UV  (0.1  N  HC1)  max  297  and  232  nm  (e  9900 
and  7700)  min  257  and  209  nm  (e  3100  and  4800);  (0.1  N 
NaOH)  max  323  nm  ( £  13,300)  min  263  nm  (£  2800).  Anal. 
Calcd.  for  C-yHgN^)^: 


C,  36.37;  H,  3.92;  N,  18.18. 


. 


Found:  C,  36.24;  H,  3.88;  N,  18.21. 


1- [ ( 2-Acetoxy ethoxy )methyl]-(E)-5-( 2-bromoviny 1 ) uracil 

(71.) 

Under  the  conditions  outlined  in  "coupling  method 
A"  325.5  mg  (1.5  mmol)  of  (E) -5- ( 2-bromoviny 1 ) uraci 1 
were  coupled  with  197  mg  (1  mmol)  of  ( 2-acetoxyethoxy ) - 
methyl  bromide  ( 61 ) .  The  crude  product  was  chromato¬ 
graphed  on  silica  gel,  with  2%  MeOH/CHCl3  as  elutant, 
followed  by  crystallisation  from  CHC13/Et20  giving  289 
mg  (87%)  of  (11)  ;  mp  109-110°C;  1H  NMR  (DMSO-d6,  400 
MHz)  6  1.99  (s,  3,  CH3),  3.72  and  4.10  (A2B2  multiplet, 

2  and  2,  OCH2CH9OAc) ,  5.12  (s,  2,  NCH20),  6.85  (d,  J  = 

H 

13.5  Hz,  1,  ),  7.28  (d,  J  =  13.5  Hz, 

,  8.00  (s,  1,  H6 ) ,  9.5  (broad  s,  1,  NH ) .  MS  (Cl) 
m/z  352,  350  (M+  +  1 8 [ 79Br , 8 1Br ] ) .  UV  (0.1  N  HC1)  max 
289  and  249  nm  (e  11,300  and  16,400)  min  270  and  214  nm 
(e  8900  and  8300);  (0.1  N  NaOH)  max  251  nm  (e  11,500) 

min  230  nm  (e  14,000)  with  shoulder  at  280  nm 
(e  9800).  Anal.  Calcd.  for  C11H13BrN205:  C,  39.66;  H, 
3.93;  N,  8.41.  Found:  C,  39.53;  H,  4.02;  N,  8.31. 

( E  )  -  5-  (  2-Bromo  vinyl )-!-[(  2-hydroxy  ethoxy  )methyl  ] 

uracil  (87) 


A  500  mg  (1.5  mmol)  sample  of  1- l  ( 2-ace toxy- 


- 


. 
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ethoxy  )methyl  ] -(_EJ-5- (  2-bromovinyl  )uracil  (71)  was 


deacylated  as  described  in  "deprotection  method  A". 

The  crude  product  was  recrystallised  from  acetone/ 
pentane  to  give  398  mg  (91%)  of  (j87_)  ;  mp  130-133°C;  1H 


NMR 

(DMSO-d6, 

100  MHz) 

6  3. 50 

(s,  4, 

QCH2CH2Q) ,  4.60 

(broad  s,  1, 

OH),  5.10 

(s,  2, 

nch2o) , 

6.83  (d,  J  =  14 

Hz, 

H 

1 '  ) 
N  Br 

,  7.28  (d 

r— 1 

II 

•“3 

Hz,  1, 

~^-Br),  7.97  (s, 

1, 

H6),  11.5 

(broad  s, 

1,  NH). 

MS  (Cl)  m/z  308,  310 

(M  + 

+  18[79Br 

,81Br] ). 

UV  (0.1 

N  HC1) 

max  290  and  249 

nm  (e  10,300  and  14,900)  min  270  and  213  nm  (e  7900  and 
6600);  (0.1  N  NaOH )  max  253  nm  (e  15,300)  min  230  nm 

(e  12,500)  with  shoulder  at  280  nm  (e  8900).  Anal. 
Calcd .  for  C9H11BrN204:  C,  37.13;  H,  3.81;  N,  9.63. 
Found;  C,  37.04;  H,  3.87;  N,  9.51. 

1- [ ( 2-Acetoxyethoxy ) me thy 1 ] -2-thiouraci 1  ( 72 ) 

Under  the  conditions  outlined  in  "coupling  method 
A"  1.536  g  (12  mmol)  of  2-thiouracil  were  coupled  with 
1.576  g  (8  mmol)  of  ( 2-acetoxye thoxy )methyl  bromide 
( 61 ) .  The  crude  product  was  chromatographed  on  silica 
gel,  with  2%  MeOH/CHCl3  as  elutant,  followed  by  crys¬ 
tallisation  from  CHC 1 3/E 1 20  to  give  1.626  g  (83%)  of 
(_72 )  ;  mp  179-182°C;  1H  NMR  (DMSO-d6,  100  MHz)  6  2.02 
(s,  3,  CH3),  3.75  and  4.15  (A2B2  multiplet,  2  and  2, 
OCH^CH^Ac),  5.47  (s,  2,  NCH20),  6.20  (d,  J  =  7.5  Hz, 


■ 
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1,  H5),  7.97  (d ,  J  =  7.5  Hz,  1,  H6)r  10.72  (s,  1, 

NH).  MS  m/z  244.0495.  Calcd.  for  M+:  244.0518.  UV 

(0.1  N  HC1)  max  274  nm  (e  15,600)  min  241  nm  (e  3500); 
(0.1  N  NaOH)  max  266  nm  (e  12,000)  min  256  nm 
(e  11,600).  Anal.  Calcd.  for  C9H12N2°4S:  C'  44*  26/'  H, 
4.95;  N,  11.47.  Found;  C,  44.17;  H,  4.91;  N,  11.50. 

1- ( Methoxymethy 1 ) uracil  ( 73 ) 

Under  the  conditions  outlined  in  "coupling  method 
A"  246  mg  (2.2  mmol)  of  uracil  (5_)  were  coupled  with  61 
mg  (2  mmol)  of  chloromethy lmethyl  ether  ( 63 ) .  The 
crude  product  was  chromatographed  on  silica  gel,  with 
2%  MeOH/CHCl3  as  elutant,  followed  by  crystallisation 
from  CHCl3/Et20  giving  269  mg  (86%)  of  (73);  mp  158- 
1 59  °C ;  1H  NMR  (DMSO-d6,  100  MHz)  6  3.26  (s,  3,  OCH3), 

5.02  (s,  2,  NCH20),  5.61  (d,  J  =  8  Hz,  1,  H5),  7.69  (d, 
J  =  8  Hz,  1,  H6 ) ,  11.30  (s,  1,  NH).  MS  m/z  156.0535. 
Calcd.  for  M+:  156.0535.  UV  (0.1  N  HC1)  max  258  nm 

(e  9400)  min  228  nm  (e  1800);  (0.1  N  NaOH)  max  259  nm 
( £  6700)  min  242  nm  (e  5600).  Anal.  Calcd.  for 
c6h8n2°3:  C'  46*15'  H'  5*16?  N'  l7*94*  Found;  C, 

45.96;  H,  5.22;  N,  17.86. 

1- ( Methoxymethy 1 ) thymine  ( 74 ) 


Under  the  conditions  outlined  in  "coupling  method 


•  . 
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A  277  mg  (2.2  mmol)  of  thymine  were  coupled  with  161 
mg  (2  mmol)  of  chloromethy lmethyl  ether  {63).  The 
crude  product  was  chromatographed  on  silica  gel,  with 
2%  MeOH/CHCl-}  as  elutant,  followed  by  crystallisation 
from  CHC13/Et20  to  give  265  mg  (78%)  of  ( 74 )  ;  mp  138- 
140;  XH  NMR  (DMSO-d6,  100  MHz)  6  1.78  (d,  J  =  1  Hz,  3, 
C  5-CH  3 )  ,  3.25  (s,  3,  OCH3),  4.99  (s,  2,  NCH20),  7.56 

(q,  J  =  1  Hz,  1,  H6 )  ,  11.30  (s,  1,  NH ) .  MS  m/z 

170.0691.  Calcd.  for  M+:  170.0691.  UV  (0.1  N  HC1) 

max  265  nm  (e  8700)  min  234  nm  (e  1300)  (0.1  N  NaOH ) 

max  264  nm  (e  6400)  min  243  nm  (e  3900).  Anal.  Calcd. 

for  C-7H3qN203:  C,  49.41;  H,  5.92;  N,  16.46.  Found: 

C,  49.23;  H,  5.96;  N,  16.43. 

1- ( Me thoxy methyl ) -5-ni trouracil  ( 75 ) 

Under  the  conditions  outlined  in  "coupling  method 
A"  170  mg  (1.08  mmol)  of  5-nitrouraci 1  were  coupled 
with  80.5  mg  (1  mmol)  of  chloromethymethyl  ether 
( 63 ) .  The  crude  product  was  chromatographed  on  silica 
gel,  with  2%  MeOH/CHCl3  as  elutant,  followed  by 
crystallisation  from  95%  EtOH  to  give  145  mg  (72%)  of 
( 75 ) ;  mp  148-150°C;  1H  NMR  (DMSO-d6,  100  MHz)  6  3.34 
(s,  3,  OCH3)  5.19  (s,  2,  NCH20)  9.28  (s,  1,  H6)  12.06 
(broad  s,  1,  NH ) .  MS  m/z  201.0385.  Calcd.  for  M+: 
201.0390.  UV  (0.1  N  HC1)  max  297  and  236  nm  (e  10,400 


■ 


- 
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and  8300)  min  258  and  214  nm  (e3500  and  5300);  (0.1  N 

NaOH)  max  318  nm  (e  14,400)  min  252  nm  (e  3800).  Anal. 
Calcd .  for  C6H7N305:  C,  35.83;  H,  3.51;  N,  20.89. 
Found;  C,  35.84;  H,  3.55;  N,  20.59. 

1- [ ( 2 -Ace toxy ethoxy  ) methyl  3  cytosine  ( 76 ) 

Under  the  conditions  outlined  in  "coupling  method 
A"  167  mg  (1.5  mmol)  of  cytosine  were  coupled  with  197 
mg  (1  mmol)  ( 2-acetoxyethoxy )methyl  bromide  ( 61 ) .  The 
crude  product  was  chromatographed  on  silica  gel,  with 
10%  MeOH/CHCl3  as  elutant,  followed  by  crystallisation 
from  Me0H/Et20  to  give  193  mg  (85%)  of  ( 76 ) ;  mp  184- 
186  °C ;  1H  NMR  (DMSO-d6,  100  MHz)  6  1.98  (s,  3,  CH3), 
3.66  and  4.05  (A2B2  multiplet,  2  and  2,  OCH 7CH 9OAC ) , 
5.06  (s,  2,  NCH20),  5.68  (d,  J  =  7.5  Hz,  1,  H5),  7.15 
(broad  s,  2,  NH  2 )  ,  7.58  (d,  J  =  7.5  Hz,  1,  H6).  MS  m/z 
227.0907.  Calcd.  for  M+:  227.0907.  UV  (0.1  N  HC1 ) 
max  275  nm  (e  12,000)  min  240  nm  (e  1600);  (0.1  N  NaOH) 
max  266  nm  (£  7700)  min  249  nm  (£  6200).  Anal.  Calcd. 
for  C9H13N304;  C,  47.58;  H,  5.77;  N,  18.49.  Found; 

C,  47.43;  H,  5.71;  N,  18.42. 

1- [ ( 2 -Hydroxy ethoxy ) me thy  1 ] cytosine  (88) 


A  2.905  g  (12.8  mmol)  sample  of  1- [( 2-acetoxy¬ 
ethoxy  )methyl  ]  cytos  ine  ( 76 )  was  deacylated  as  described 


■ 
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in  "deprotection  method  B".  The  crude  product  was 
recrystallised  from  iPr0H/Et20  to  give  2.22  g  (94%)  of 
(88  )  ;  mp  170-171°C;  1H  NMR  (DMSO-d6,  100  MHz)  6  3.46 
(s,  4,  OCH^CH^O),  4.50  (broad  s,  1,  OH ) ,  5.06  (s,  2, 
NCH2o),  5.72  (d,  J  =  7.5  Hz,  1,  H5),  7.2  (broad  s,  2, 
NH2)  7.60  ( d ,  J  =  7.5  Hz,  1,  H6).  MS  m/z  185.0803. 
Calcd .  for  M+:  185.0800.  UV  (0.1  N  HC1)  max  276  nm. 

(e  12,000)  min  240  nm  (e  1700)  (0.1  N  NaOH)  max  267  nm 
(e  7,900)  min  250  nm  (e  6,400).  Anal.  Calcd.  for 
c7h11n3°3:  C,  45.40;  H,  5.99;  N,  22.69.  Found;  C, 

45.37;  H,  6.10;  N,  22.66. 


1- [ ( 2-Ace toxy ethoxy ) methyl  3 -5-nitrocytosine  ( 77 ) 

Under  the  conditions  outlined  in  "coupling  method 
A"  468  mg  (3  mmol)  of  5-nitrocytosine  ( 92 )  were  coupled 
with  394  mg  (2  mmol)  of  ( 2-acetoxyethoxy )methy 1  bromide 
( 61 ) .  The  crude  product  was  chromatographed  on  silica 
gel,  with  5%  MeOH/CHCl3  as  elutant,  followed  by  crys¬ 
tallisation  from  Me0H/Et20  to  give  407  mg  (75%)  of 
(  77  )  ;  mp  108-109  °C ;  1H  NMR  (DMSO-d6,  100  MHz)  <5  2.01 
(s,  3,  CH3),  3.57  and  4.10  (A2B2  multiplet,  2  and  2, 
OCH9CH9QAc  )  ,  5.29  (s,  2,  NCH20),  8.06  (s,  1,  NH ) ,  8.56 
(s,  1,  NH),  9.27  (s,  1,  H6 ) .  MS  m/z  273.0844.  Calcd. 
for  MH+:  273.0835.  UV  (0.1  N  HC1)  max  307  and  253  nm 
( e  9200  and  8500)  min  273  and  230  nm  (e  3500  and  4600); 


. 
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(0.1  N  NaOH )  max  334  nm  (e  17,100)  min  255  nm 
(e  2900).  Anal.  Calcd.  for  C9H12N406:  C'  39.71;  H, 
4.44;  N,  20.58.  Found:  C,  39.43;  H,  4.37;  N,  20.30. 

1- [ ( 2-Hydroxy ethoxy ) methyl ] -5-nitrocytosine  ( 89 ) 

A  220  mg  (0.81  mmol)  sample  of  1- [  ( 2-acetoxy- 
ethoxy )methyl ] -5-nitrocytosine  (77 )  was  deacylated  as 
described  in  "deprotection  method  B".  The  crude 
product  was  recrystallised  from  MeOH  to  give  170  mg 


(91% 

)  of 

(89);  mp 

192-193° 

C; 

1H  NMR 

( DMSO-d  6 

,  1 

00  MH 

6  3. 

54  (multiplet 

,  2 

,  OC_H_2 

CH2 

0),  4. 

66  (t 

,  J 

=  6 

Hz, 

OH), 

5.26 

(  s  ,  2  , 

NCH 

20  )  ,  8 

.04 

(s,  1 

,  NH) 

,  8. 

53 

(s,  1 

NH)  , 

9.26 

(s ,  1 , 

H6  ) 

.  MS 

m/z 

231.0737. 

Calcd . 

for 

MH  +  : 

231 

. 0730. 

UV 

(0.1  N 

HC1)  max 

308 

and 

253 

nm 

(e  9000  and  8600)  min  273  and  232  nm  (e  3600  an  4700) 
(0.1  N  NaOH)  max  335  nm  (e  17,200)  min  255  nm 
(e  2800).  Anal.  Calcd.  for  0^3^405:  C,  36.53;  H, 
4.38;  N,  24.34.  Found:  C,  36.26;  H,  4.36;  N,  24.11. 

1- [ ( 2-Ace toxyethoxy ) methyl ] isocytosine  (78 ) 

Under  the  conditions  outlined  in  "coupling  method 
A"  760  mg  (6.85  mmol)  of  isocytosine  were  coupled  with 
1.228  (6.2  mmol)  of  ( 2-acetoxyethoxy )methyl  bromide 

(61).  The  crude  product  was  chromatographed  on  silica 
gel,  with  5%  MeOH/CHCl3  as  elutant,  followed  by 


. 
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crystallisation  from  MeOH/E 1 2o  gave  1.189  g  (87%)  of 
(78);  mp  132-133°C;  1H  NMR  (DMSO-d6,  100  MHz)  6  2.00 
(s,  3,  CH3  )  ,  3.75  and  4.10  (A2B2  multiplet,  2  and  2, 
OCH2CH9OAc ) ,  5.17  (s,  2,  NCH20),  5.96  (d,  J  =  8  Hz,  1, 
H5),  7.86  (d,  J  =  8  Hz,  1,  H6),  8.20  (broad  s,  2, 

NH2).  MS  m/z  227.0902.  Calcd.  for  M+:  227.0906.  UV 
(0.1  N  HC1)  max  255  nm  ( e  7500)  min  236  nm  (e  4700); 

(0.1  N  NaOH)  max  252  nm  (e  5100).  Anal.  Calcd.  for 

C9H13N304.1/2  H20:  C,  45.76;  H,  5.97;  N,  17.79. 

Found:  C,  45.81;  H,  5.76;  N,  17.84. 

1- [ ( 2 -Hydroxy ethoxy ) methyl ] isocytosine  ( 90 ) 

A  800  mg  (3.5  mmol)  sample  of  1- [  ( 2-acetoxyethoxy  )  - 
methy 1 ] isocy tos ine  ( 78  )  was  deacylated  as  described  in 
"deprotection  method  A".  The  crude  product  was  recrys¬ 
tallised  from  MeOH  to  give  625  mg  (96%)  of  ( 90 )  ;  mp 
187-189;  1H  NMR  (DMSO-d6,  100  MHz)  6  3.51  (s,  4, 

°CJH_2  cJH_2  O )  ,  4.80  (s,  1,  OH),  5.13  (s,  2,  NCH20),  5.56 
(d,  J  =  8  Hz,  1,  H  5 ) ,  6.95  (s,  2,  NH2),  6.48  (d,  J  = 

8  Hz,  1,  H6 ) .  MS  m/z  185.0794.  Calcd.  for  M+: 

185.0800.  UV  (0.1  N  HC1)  max  255  and  216  nm  (e  7900 
and  9700)  min  237  and  210  nm  (e  5400  and  9400  )  (0.1  N 

NaOH)  max  250  nm  (e  6100).  Anal.  Calcd.  for 
C7H11N303.1/4  h20:  C,  44.32;  H,  6.11  N,  22.15.  Found: 

C,  44.43;  H,  5.97;  N,  22.34. 


■ 
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1-  [  ( 2- Ace toxy ethoxy ) me thy 1 ] -3-deazauraci 1  ( 79 ) . 


Under  the  conditions  outlined  in  "coupling  method 
A"  122  mg  (1.1  mmol)  of  3-deazaurac i 1  were  coupled  with 
197  mg  (1  mmol)  of  ( 2-acetoxyethoxy )methy 1  bromide 
( 61  ) .  The  crude  product  was  chromatographed  on  silica 
gel,  with  2%  MeOH/CHCl3  elutant,  followed  by  crystal¬ 
lisation  from  iPr0H/Et20  to  give  200  mg  (88%)  of  ( 79 ) ; 
mp  123-124  °C ;  1H  NMR  (DMSO-d6,  200  MHz)  6  2.00  (s, 

3,  CH3),  3.66  and  4.08  (A2B2  multiplet,  2  and  2, 

0CiL2Cil20Ac  >'  5*21  <s'  2 '  NCH20),  5.59  (d,  J  =  2.4  Hz, 

1,  H3),  5.90  (d  of  d,  J  =  2.4  Hz,  J  =  7.6  Hz,  1,  H5), 
7.54  (d,  J  =  7.6  Hz,  1,  H6 ) ,  10.8  (broad  s,  1,  OH).  MS 
m/z  227.0795.  Calcd.  for  M+:  227.0785.  UV  (0.1  N 

HC1)  max  280  nm  (e  4600)  min  247  nm  (e  700);  (0.1  N 

NaOH)  max  256  nm  (e  6800)  min  232  nm  (e  3700).  Anal. 
Calcd.  for  C3qH33N03:  C,  52.86;  H,  5.77;  N,  6.16. 
Found:  C,  52.87;  H,  5.76;  N,  6.15. 


1- [ ( 2 -Hydroxy ethoxy )methyl ] -3-deazaurac il  (  91 ) 

A  250  mg  (1.1  mmol)  sample  of  1- [( 2-acetoxyethoxy ) 
methyl ] -3-deazauraci 1  (79)  was  deacylated  as  described 

in  "deprotection  method  B".  The  crude  product  was 
re c ry s t a 1 1 i s ed  from  iPrOH/Et2o  to  give  169  mg  (83o)  of 
(91);  mp  1 37-1 39  °C ;  1H  NMR  (DMSO-d6,  100  MHz)  6  3.46 
(s,  4,  OCH9CH?Q ) ,  4.55  (broad  s,  1,  OH)  5.18  (s,  2, 
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NCH20)f  5.56  (d ,  J  =  2.5  Hz,  1,  H3 ) ,  5.87  (d  of  d,  J  = 
2.5  Hz,  J  =  7.5  Hz,  1,  H5),  7.52  (d,  J  =  7.5  Hz,  1, 

H6).  MS  m/z  185.0689.  Calcd.  for  M+:  185.0688.  UV 

(0.1  N  HC1)  max  280  nm  (e  4600)  min  247  nm  (e  800); 

(0.1  N  NaOH )  max  256  nm  (e  6900)  min  232  nm  (e  3700). 
Anal.  Calcd.  for  CgNuNC^:  C,  51.89;  H,  5.99;  N, 

7.56.  Found:  C,  51.80;  H,  6.00;  N ,  7.53. 

5-Chloro-l- [ ( 2 -hydroxy ethoxy ) methyl ] cy tosi ne  ( 93 ) 

To  a  solution  of  185  mg  (1  mmol)  of  1- [( 2-hydroxy- 
ethoxy  )methyl  ]  cytos  ine  ( 88 )  in  0.5  m  HCl/dry  DMF  was 
slowly  added  2  mL  of  DMF  containing  300  mg  (1.74  mmol) 
of  m-chloroperbenzoic  acid.  The  solution  was  allowed 
to  stir  at  room  temperature  for  2  h  at  which  time  a 
additional  70  mg  of  m-chloroperbenzoic  acid  (in  1  mL 
DMF)  and  4  mL  of  0.5  m  HCl/dry  DMF  were  added.  After 
an  additional  2  h  the  solvent  was  removed  in  vacuo  and 
the  residue  partitioned  between  H20  and  Et20»  Neutral¬ 
isation  of  the  aqueous  layer  (dowex  resin  1X2  OH”), 
filtration,  and  removal  of  solvent  left  a  crude  solid 
which  was  recrystallised  from  95%  EtOH  to  give  180  mg 
(82%)  of  (^3_);  mp  177.5-179°C;  XH  NMR  (DMSO-d6,  200 
MHz)  6  3.50  (mult iplet ,  4,  QCH2CH90,  4.65  (t,  J  =  5  Hz, 
1,  OH),  5.08  (s,  2,  NCH20)  7.26  and  7.89  (s  and  s,  1, 
and  1,  NH2),  8.05  (s,  1,  H6).  MS  m/z  219.0410, 


. 


. 


221.0381  (35C1,37C1).  Calcd .  for  M+:  219.0410, 

221.0381  (35C1,37C1).  UV  (0.1  N  HC1)  max  293  nm 
(e  9600)  min  253  nm  (e  1100)  (0.1  N  NaOH )  max  283  nm 
(e  6300)  min  260  nm  (e  3600).  Anal.  Calcd.  for 

C7H10C1N3°3:  c'  38.28,  H,  4.59;  N,  19.13;  Cl,  16.14. 

Found:  C,  38.14;  H,  4.58;  N,  19.06;  Cl,  16.09. 


5-Bromo-l- [ ( 2-hydroxy ethoxy ) me thy 1 ] cy tos ine  ( 94 ) 

A  185  mg  (1  mmol)  of  1 [ ( 2-hydroxyethoxy )methy 1 ] - 
cytosine  ( 88  )  was  brominated  by  the  same  procedure 
described  above  for  the  synthesis  of  ( 93 )  except  that 
0.5  M  HBr/dry  DMF  was  used  in  the  place  of  0.5  M 
HCl/dry  DMF.  The  crude  product  was  chromatographed  on 
silica  gel  (25  g,  20%  EtOH/CHCl-^)  and  then  crystallised 
from  9  5%  EtOH  to  give  122  mg  (46%)  of  ( 94 )  ;  mp  173- 
1 74  °C ;  1ti  NMR  (DMSO-d6,  200  MHz)  6  3.50  (multiplet,  4, 
OCH9CH9O ) ,  4.66  (t,  J  =  5  Hz,  1,  OH),  5.09  (s,  1, 
NCH20),  7.06  and  7.91  (s  and  s,  1  and  1,  NH2),  3.12  (s, 
1,  H6 ) .  MS  m/z  265.9957,  263.9969  (81Br,79Br).  Calcd. 
for  M+:  265.9963,  263.9983.  UV  (0.1  N  HCl)  max  295  nm 

(e  9800)  min  253  nm  (e  1000);  (0.1  N  NaOH)  max  284  nm 
(e  6400)  min  260  nm  (e  3800).  Anal.  Calcd.  for 

c7HllBrN3°3:  C'  33,84;  H'  3*82;  N'  Br,  30.26. 

C,  32.12;  H,  4.01;  N,  15.70;  Br ,  30.17. 


Found : 


!  '  J )  c  t 
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1- [ ( 2-Acetoxy ethoxy ) me thy 1 ] pyr im id in -4 -one  ( 95 ) 


A  880  mg  (3.6  mmol)  sample  of  1- [  ( 2-acetoxyethoxy ) - 
methyl ] -2-thiouraci 1  ( 72  )  was  dissolved  in  a  suspension 
of  rainey-nickel  (400  mg)  in  95%  EtOH  (25  mL) .  The 
reaction  was  allowed  to  stir  at  room  temperature  for  18 
h  at  which  point  the  mixture  was  filtered.  Removal  of 
solvent  from  the  filtrate  left  crude  ( 95 )  which  was 
purified  by  preparative  thin  layer  chromatography  and 
crystallisation  from  CHCl3/Et20  to  give  428  mg  (56%)  of 
( 95 ) ;  mp  107-108°C;  1H  NMR  (DMSO-d6,  100  MHz)  6  2.00 
(s,  3,  CH  3 )  ,  3.70  and  4.12  (A2B2  multiplet,  2  and  2, 
0CH9CH90 )  ,  5.24  (s,  2,  NCH20),  6.06  (d,  J  =  8  Hz,  1, 

H 5 ) ,  7.85  (d  of  d,  J  =  3  Hz,  J  =  8  Hz,  1,  H6)  8.48  (d, 

J  =  3  Hz,  1,  H2).  MS  m/z  212.0799.  Calcd.  for  M+: 
212.0797.  UV  (0.1  N  HC1)  max  232  nm  (e  11,800)  min  209 


nm 


(e  4200);  (0.1  N  NaOH)  max  240  nm  (e  13,400)  min  223 


nm  (e  7200).  Anal.  Calcd.  for  C9H;l2n204:  C'  50.94; 
5.70;  N,  13.20.  Found:  C,  50.76;  H,  5.73;  N,  13.01. 


Deprotection  method  C 

1- [ ( 2 -Hydroxy ethoxy ) me thy 1 3 pyr imid in-4 -one  (96 ) 

A  200  mg  (0.94  mmol)  sample  of  1- [  ( 2-acetoxy- 
ethoxy )methy 1 ] pyrimidin-4-one  ( 95 )  was  dissolved  in  a 
solution  of  MeOH/H 2O/NE t 3  (1:1:2. 5)  and  allowed  to  stir 


J 


' 
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at  room  temperature  for  6  h.  Removal  of  volatiles 
followed  by  recrystallisation  from  iPrOH  gave  134  mg 
(84%)  of  (_96_)  ;  mp  126-129°C;  1H  NMR  (DMSO-d6,  100  MHz) 


6  3.49  (s,  4,  0CH9CH90) ,  4.74  (broad  s,  1,  OH),  5.22 
(s,  2,  NCH 20 ) ,  6.05  (d,  J  =  7.5  Hz,  1,  H5),  7.82  (d  of 
d,  J  =  3  Hz,  J  =  7.5  Hz,  1,  H6 )  ,  8.44  (d,  J  =  3  Hz,  1, 
H2).  MS  m/z  170.0690.  Calcd.  for  M+:  170.0692.  UV 

(0.1  N  HC1 )  max  225  nm  (e  9700)  min  199  nm  (e  3700)'; 
(0.1  N  NaOH  )  max  230  nm  (e  9200)  min  213  ( e  4900)  with 
shoulder  at  249  nm  (e  8700).  Anal.  Calcd.  for 

C7h10n2°3:  C'  49*41?  H,  5.92;  N,  16.46.  Found:  C, 

49.17;  H,  5.87;  N,  16.39. 


3- [ ( 2-Acetoxyethoxy )methyl ] cytosine  ( 98 ) 

To  a  stirred  suspension  of  1.22  g  (11  mmol)  of 
cytosine  (_3_)  in  10  mL  of  dry  DMF  was  slowly  added 
1.97  g  (10  mmol)  of  ( 2-acetoxye thoxy )methyl  bromide 
(61).  The  resulting  solution  was  allowed  to  stir  at 
room  temperature  for  3  h  after  which  the  solvent  was 
removed  in  vacuo  and  the  residual  oil  applied  to  a 
silica  gel  column  (200  g,  elutant  10%  MeOH/CHC^).  The 
first  eluted  product  was  1 , 3-bis- [ ( 2-acetoxyethoxy ) - 
methyl  ]  cytosine  (  99 )  ;  ^H  NMR  (CDC^r  200  MHz)  6  2.09 
and  2.10  (s,  s,  1  and  1,  COCH3 ,  COCH3 ' ) ,  3.77  and  3.88 
(A2B2  multiplet,  2  and  2,  OCH ?CH 9OAC ) ,  4.21  (A2B2 


' 
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mult iplet ,  4,  OCH^CH^OAc ) ,  5.12  and  5.58  (s,  s,  1  and 
1,  NCH2Of  NCH2'0),  5.69  (d,  J  =  8  Hz,  1,  H5),  6.34 
(broad  s,  1,  NH ) ,  6.79  (d,  J  =  8  Hz,  1,  H6 ) .  MS  m/z 
343.1371.  Calcd.  for  M+:  343.1380.  UV  (0.1  N  HC1) 
max  280  nm  (e  8000)  min  242  nm  (e  1200);  (0.1  N  NaOH ) 
max  267  nm  (e  7300)  max  241  nm  (e  3900).  However  this 
compound  could  only  be  crystallised  satisfactorily 
after  deacylation  as  outlined  in  "Deprotection  method 
C".  Good  crystals  of  1 , 3-bis  [  ( 2-hydroxyethoxy ) - 
methyl ] cytosine  ( 101 )  were  obtained  from  MeOH/Et2°* 

Mp  102-1 04  °C ;  1H  NMR  (DMSO-d6,  100  MHz)  6  3.48 
(multiplet,  8,  OCH9CH9O 1 s )  4.5  (v  broad,  2,  OH's),  5.02 
and  5.38  (s  and  s,  1  and  1,  NCH2o,  NCH2'0),  5.76  (d, 

J  =  8  Hz,  1,  H 5 ) ,  6.50  (v  broad,  1,  NH ) ,  7.10  (d,  J  =  8 
Hz,  1,  H6).  MS  m/z  260.1240.  Calcd.  for  M+:  260.1263. 
UV  (0.1  N  HC1 )  max  277  nm  (e  8800)  min  240  nm  (e  1400); 
(0.1  N  NaOH)  max  266  nm  (e  8200)  min  241  nm  (e  4400). 

Anal.  Calcd.  for  C;loh18n305:  C'  4^.32;  H,  6.61;  N, 
16.21.  Found:  C,  46.00,  H,  6.62;  N,  15.85. 

The  second  eluted  product  was  3- [  ( 2-acetoxy- 
ethoxy  )methy 1 ] cytos ine  ( 98  ) .  The  solvent  was  removed 
from  appropriate  fractions  and  the  crude  product  was 
crystallised  from  CHCl3/Et20  to  give  730  mg  (32%)  of 
(98);  mp  156-158°C;  1H  NMR  (DMSO-d6,  100  MHz) 


6  2.00  (s,  3,  CH3),  3.82  and  4.23  (A2B2  multiplet,  2 
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and  2 , 

OCH^CH^OAc ) ,  5.47  (s,  2, 

NCH 

2u)  6.14 

(d,  J  = 

8 

Hz,  1 , 

H 5 ) ,  7.84  (d,  J  =  8  Hz,  1 

,  H6),  10.5 

( broad , 

2, 

NH  2  )  . 

MS  m/z  228.0978.  Calcd. 

for 

M+:  228.0984. 

UV 

(0.1  N 

HC1)  max  278  nm  (e  9800) 

min 

2  35  nm 

(6  1400) 

• 

f 

(0.1  N 

NaOH)  max  301  nm  (e  7100) 

min  253  nm 

( e  700  ) 

• 

Anal . 

Calcd.  for  CgH-^N^^  C, 

47. 

58 ;  H ,  5 

.77;  N, 

18.49. 

Found:  C,  47.29;  H,  5.75; 

N,  18.33 

• 

3-  [  ( 2- 

Hydroxyethoxy )methyl ] cytosine 

(100) 

A 

350  mg  (1.54  mmol)  sample 

of 

3-  [  ( 2-acetoxy- 

ethoxy  )methyl ] cytos ine  ( 98  )  was  deacylated  as  outlined 

in  ''Deprotection  method  C".  Recrystallisation  from 

MeOH  gave  237  mg  (83%)  of  ( 100 ) ;  mp  137-139°C;  NMR 

(DMSO-d6,  200  MHz)  6  3.51  and  3.60  (A2B2  multiplet,  2 

and  2,  OCH^CHpO)  ,  5.4  4  (s,  2,  NCH20),  6.06  (d,  J  =  7 

Hz,  1,  H 5 )  7.78  (d,  J  =  7  Hz,  1,  H6),  9.5  (v  broad,  2, 

0 

NH2).  MS  m/z  No  M+  peak  found:  140.0459  (3%  B-CH20), 
124.0512  (  3%  B0=CH2  ),  111.0432  (  100%  B0 )  ,  75.0450  (12% 
HOCH2CH2OCH20 ) .  UV  (0.1  N  HC1)  max  279  nm  (e  9800)  min 
240  nm  (e  800);  (0.1  N  NaOH)  max  302  nm  (e  9900)  min 

256  (e  1100).  Anal.  Calcd.  for  C7H11N3Q3:  C,  45.40; 

H,  5.99;  N,  22.69.  Found:  C,  45.22;  H,  6.04;  N, 


22.60. 
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Coupling  Method  B 

9- [ ( 2 -Ace toxy ethoxy ) me thy 1 ] -2-amino-6-chloropur ine  ( 103 ) 

A  stirred  mixture  of  187  mg  (1.1  mmol)  of  2-amino- 
6-chloropur ine ,  45  mg  of  (NH4)2S04  and  5  mL  of  hexa- 
methyldisilazane  was  heated  at  reflux  for  3  h  with  ex¬ 
clusion  of  moisture.  Volatile  materials  were  evapo¬ 
rated  in  vacuo  with  protection  against  moisture.  The 
residue  was  stirred  with  15  mL  of  dry  benzene  and  344 
mg  (1.36  mmol)  of  Hg(CN)2  was  added.  This  mixture  was 
stirred  at  reflux  under  a  dry  nitrogen  atmosphere  for 
30  min.  A  solution  of  197  mg  (1  mmol)  of  (2-acetoxy- 
ethoxy )methy 1  bromide  ( 61 )  in  5  mL  of  dry  benzene  was 
added  and  the  reflux  continued  for  2  h.  The  mixture 
was  cooled,  150  mL  of  CHCI3  added  and  the  organic  phase 
was  washed  with  30  mL  of  saturated  NaHCC^/F^O  followed 
by  30  mL  of  1  M  KI/H2O.  The  organic  solution  was  dried 
over  Na2S04,  filtered  and  evaporated  to  give  239  mg 
(84%)  of  an  oil  that  crystallised  from  CHCl3/Et20  to 
give  pure  (103);  mp  132-133°C;  1H  NMR  (DMSO-d6,  100 
MHz)  6  2.03  (s,  3,  CH3),  3.75  and  4.18  (A2B2  multiplet, 

2  and  2,  OCH9CH9OAC ) ,  5.28  (broad  s,  2,  NH2 ) ,  5.52  (s, 

2,  NCH20),  7.92  (s,  1,  H8).  MS  m/z  285.0633,  287.0605 
(3^C1,37C1);  calcd.  for  M+:  285.0628,  287.0599 

(35C1,37C1).  UV  (0.1  N  HC1),  max  309  and  246  nm 


. 

BB 

' 

■ 
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(e  7800  and  6900),  min  262  and  232  nm  (e  700  and  5000); 
(0.1  N  NaOH)  max  309  and  246  nm  (e  7800  and  6900)  min 
262  and  232  nm  (e  700  and  5000).  Anal.  Calcd.  for 

c10h12c1n5°3:  C'  42*04?  H,  4.23;  N,  24.51.  Found:  C, 

41.81;  H,  4.21;  N,  24.56. 


2-Ami no- 6 -chi or o-9- [ ( 2-hydroxy ethoxy ) me thy 1 ] pur ine 
(108) 

A  226  mg  (0.79  mmol)  sample  of  9- [ ( 2-ace toxy- 
ethoxy )methy 1 ] -2-amino-6-chloropur ine  ( 103 )  was 
deacylated  as  described  in  "deprotection  method  A". 

The  crude  product  was  recrystallised  from  iPrOH  to  give 
168  mg  (87%)  of  (108  )  ;  mp  204-205°C;  1H  NMR  (DMSO-d6, 
100  MHz)  6  3.50  (s,  4,  OCH?CH9Q) ,  4.66  broad  s,  1,  OH), 
4.57  (s,  2,  NCH20),  6.99  (broad  s,  2,  NH 2 ) ,  8.28  (s,  1, 

H8).  MS  m/z  243.0520,  245.0494  (35C1,37C1).  Calcd. 
for  M+:  243.0523,  245.0494  (35C1,37C1).  UV  (0.1  N 

HC1 )  max  307  and  246  nm  (e  7600  and  7200)  min  264  and 
232  nm  (e  1000  and  5300)  (0.1  N  NaOH)  max  307  and  246 
nm  (e  7600  and  7200)  min  265  and  232  nm  (e  1100  and 
5400).  Anal.  Calcd.  for  C8H10ClN5O2:  C,  39.44;  H, 
4.14;  N,  28.74.  Found:  C,  39.25;  H,  4.12;  N,  28.54. 


9- [ ( 2-Ace toxyethoxy )methyl ] -2 , 6-dichloropur ine  (104 ) 


Under  the  conditions  outlined  in  "coupling  method  B" 


■ 
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208  mg  (1.1  mmol)  of  2 , 6-dichloropurine  were  coupled 
with  197  mg  (1  mmol)  of  ( 2-acetoxye thoxy )methy 1  bromide 
( 61 )  to  give  270  mg  (89%)  of  (104)  ,  which  was  crys¬ 
tallised  from  CHC13/Et20;  mp  96-97°C;  1H  NMR  (DMS0-d6f 
100  MHz)  6  2.03  (s,  3,  CH3 )  ,  3.80  and  4.20  (A2B2 
mult iplet ,  2  and  2,  OCH9CH9OAc ) ,  5.68  (s,  2,  NCH20), 
8.27  (s,  1,  H8 ) .  MS  m/z  306.0061,  304.0124 
(37C135C1,35C135C1).  Calcd.  for  M+:  306.0100, 

304.0130  (37C135C1,  35C135C1).  UV  (0.1  N  HC1)  max  273 
nm  (e  9,400)  min  228  nm  (e  2400)  with  shoulder  at  250 
nm  ( e  4800);  (0.1  N  NaOH )  max  274  nm  ( £  8900)  min  233 
nm  ( £  2800)  with  shoulder  at  250  nm  (e  4800).  Anal. 

Calcd.  for  Cioh10c12n4°3 :  C,  39.36;  H,  3.30;  N, 

18.36.  Found:  C,  39.18;  H,  3.44;  N,  18.22. 

9- [ ( 2-Acetoxy ethoxy ) me thy 1 ] -6-chloropur ine  (102) 

Under  the  conditions  outlined  in  "coupling  method 
B"  170  mg  (1.1  mmol)  of  6-chloropur ine  were  coupled 
with  197  mg  (1  mmol)  of  ( 2-acetoxye thoxy Jmethyl  bromide 
( 61 )  to  give  224  mg  (83%)  of  ( 102 )  which  was  crystal¬ 
lised  from  CH2C12/Et20;  mp  96-97°C;  NMR  (DMSO-d^, 

100  MHz)  6  1.91  (s,  3,  CH3),  3.76  and  4.06  (A2B2 
mult iplet ,  2  and  2,  OCH^CH^OAc ) ,  5.74  (s,  2,  NCH20), 

8.84  and  8.86  (s,  s,  1  and  1,  H2,  H8).  MS  (Cl)  m/z 
271,  273  (MH+ [35C1 , 37C1 ]  ) .  UV  (0.1  N  HC1)  max  263  nm 


. 


■ 

' 


(e  9100)  min  222  nm  (e  2100)  with  shoulder  at  250  nm 
(e  6300);  (0.1  N  NaOH)  max  263  nm  (e  8800)  min  221  nm 
(e  3300)  with  shoulder  at  250  nm  (e  6300).  Anal. 

Ca led.  for  C10HllclN4o3:  C'  44-37?  H'  4«09;  N, 

20.70.  Found:  C,  44.02;  H,  4.04;  N,  20.78. 

9- [ ( 2-Hydroxy ethoxy ) me t hy 1 ] guanine  ( 22 ) 

Method  A. 

From  2-amino-6-chloro-9- [ ( 2-hydroxyethoxy ) - 

methyl ] purine  ( 108  ) 

To  a  solution  of  110  mg  (0.45  mmol)  of  9—  [  ( 2  — 
hydroxyethoxy )methyl ] -2-amino-6-chloropurine  ( 108 )  in 
25  mL  of  aqueous  phosphate  buffer  (0.05  M,  pH  7.5)  was 
added  30  mg  of  adenosine  deaminase  (adenosine  amino- 
hydrolase,  E.C.  3. 5.4. 4.  Sigma  type  I,  Sigma  Chemical 
Co.).  The  reaction  mixture  was  stirred  at  room 
temperature  and  monitored  by  T.L.C.  (S.S.E.)  until 
complete  hydrolytic  dechlorination  had  occurred.  The 
crude  product  could  be  obtained  directly  by  crystal¬ 
lisation  from  the  concentrated  reaction  mixture. 

However  a  convenient  purification  procedure  employed 
adsorption  of  the  product  from  the  aqueous  medium  on  a 
carbon  column,  washing  the  column  with  water  and 

eluting  the  desired  product  with  35%  CH3CN/H20* 
Evaporation  of  appropriate  fractions,  recrystallisation 


i 


. 


■ 
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from  EtOH/H2o  and  thorough  drying  of  the  product  gave 
88  mg  (87%)  of  pure  (_22J  ;  mp  265-266°C;  1H  NMR  (DMSO 
d6,  400  MHz)  6  3.34  multiplet,  4,  OCH2CH20) ,  4.56  (s, 
lr  OH),  5.34  (s,  2,  NCH20),  6.49  (broad  s,  2,  NH 2 ) t 
7.81  ( s ,  1,  H8 ) ,  10.61  (s,  1,  NH).  MS  m/z  225.0863. 
Calcd.  for  M+:  225.0862.  UV  (0.1  N  HC1)  max  252  nm  (e 

13,000)  min  224  nm  (e  2400)  with  shoulder  at  271  nm  (e 
8800);  (0.1  N  NaOH)  max  260  nm  (e  11,400)  min  229  (e 

4700).  Anal.  Calcd.  for  CgH11N503:  C,  42.67;  H,  4.92; 
N,  31.10.  Found:  C,  42.45;  H,  4.93;  N,  30.95. 

Method  b. 

From  9-  [  ( 2-acetoxyethoxy ) me thy 1 ] -2 , 6-d ich loro- 

pur  ine  ( 104  ) 

A  solution  of  510  mg  (1.67  mmol)  of  9- [( 2-acetoxy¬ 
ethoxy  Jmethyl  ] -2 ,  6-dichloropurine  ( 104 )  in  15  mL  of 
liquid  ammonia  was  sealed  in  a  parr  steel  bomb  and 
heated  at  150°C  for  3  days.  After  cooling,  the  bomb 
was  vented  and  after  evaporation  of  ammonia  was 
complete  the  residue  was  applied  to  a  silica  column 
with  10%  MeOH/CHCl3  as  elutant.  Removal  of  solvent 
from  appropriate  fractions  gave  350  mg  (93%)  of  2,6- 
diamino-9- [( 2-hydroxyethoxy  )methyl ] purine  ( 107  )  as  an 
oil.  This  material  was  treated  with  adenosine 


deaminase  as  described  above  in  Method  A  ((108)  -►  (22)) 


■ 
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to  give  312  mg  (89%)  of  (22). 


Method  C. 

Overall  from  2-amino-6-chloropur ine 

187  mg  (1.1  mmol)  of  2-amino-6-chloropur ine  were 
coupled  with  197  mg  (1  mmol)  of  ( 2-acetoxyethoxy )methy 1 
bromide  ( 61  )  as  described  in  "coupling  method  B".  De¬ 
protection,  by  "deprotection  method  A",  gave  a  crude 
solid  of  ( 108 )  which  was  subjected  to  adenosine 
deaminase  as  described  previously.  The  resulting 
product  was  purified  on  a  carbon  column  and  was 
recrystallised  to  give  172  mg  (76%  overall  yield)  of 
(22). 


Coupling  Method  C 

9- [ ( 2-Ace toxyethoxy )methyl ] adenine  (110) 

To  a  stirred  solution  of  149  mg  (1.1  mmol)  of 
adenine  (_1_)  in  25  mL  of  dry  (and  amine-free)  DMF  was 
added  29  mg  (1.2  mmol)  of  NaH.  After  evolution  of 
hydrogen  had  ceased  the  mixture  was  cooled  to  -63°C  and 
a  solution  of  197  mg  (1  mmol)  of  ( 2-acetoxyethoxy ) - 
methyl]  bromide  (61 )  in  5  mL  of  DMF  was  added  slowly. 
The  stirred  mixture  was  allowed  to  warm  slowly  to  room 
temperature  over  a  period  of  2  h  at  which  time  0.5  mL 


' 


of  1  M  NaHC03/H20  was  added  and  volatile  materials  were 
removed  in  vacuo.  The  residue  was  chromatographed  on  a 
column  of  silica  gel  using  5%  MeOH/CHCl3  as  elutant. 
Appropriate  fractions  were  combined  and  evaporated  to 
give  188  mg  (75%)  of  (110).  This  was  recrystallised 
from  CHC13/Et20:  mp  156-158°C;  1H  NMR  (DMSO-d6, 

100  MHz)  6  1.92  ( s ,  3,  CH3),  3.72  and  4.06  (A2B2 
multiplet,  2  and  2,  OCH9CH9OAc ) ,  5.56  ( s ,  2,  NCH20), 
7.23  (s,  2,  NH 2  )  ,  8.16  (s,  1,  H2 ) ,  8.26  (s,  1,  H8 ) ,  MS 
m/z  251.1020.  Calcd.  for  M+:  251.1059.  UV  (0.1  N 

HC1 )  max  256  nm  (e  16,600),  min  225  nm  (e  2400);  (0.1  N 
NaOH)  max  260  nm  (e  16,900)  min  227  nm  (e  3300).  Anal. 
Calcd.  for  C10H13N5O3:  C,  47.81;  H,  5.22;  N,  27.87. 
Found:  C,  47.51;  H,  5.05;  N,  28.01. 


9- [ ( 2 -Hydroxy ethoxy ) me thy 1 ] adenine  ( 23 ) 

A  830  mg  (3.3  mmol)  sample  of  9- [  ( 2-acetoxy- 
ethoxy )methyl ] adenine  (110)  was  deacylated  as  described 
in  "deprotection  method  B".  The  crude  product  was 
recrystallised  from  MeOH  to  give  648  mg  (94%)  of  ( 23 ) ; 
mp  204-206 °C,  Lit.  199. 5-200 °C297 ;  1H  NMR  (DMSO-d6,  100 
MHz)  6  3.50  (s,  4,  OCH^CH-^O )  4.6  5  (broad  s,  1,  OH), 

5.56  (s,  2,  NCH20),  7.24  (s,  2,  NH2),  8.17  (s,  1,  H2  )  , 
8.26  (s,  1,  H8 ) .  MS  m/z  209.0910.  Calcd.  for  M+: 


209.0913.  UV  (0.1  N  HC1 )  max  256  nm  (e  14,200)  min  225 


t 
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nm  (e  2,300  );  (0.1  N  NaOH)  max  259  nm  (e  14,500  )  min 

227  nm  (e  3200).  Anal.  Calcd.  for-  CgH^^N^02*  C , 

45.93;  H,  5.30;  N,  33.48.  Found:  C,  45.69;  H,  5.29; 

N,  33.24. 

9- [ ( 2-Hydroxyethoxy )methyl ] hypoxanthine  ( 111 ) 

To  a  solution  of  100  mg  (0.48  mmol)  of  9- [  ( 2- 
hydroxyethoxy )methyl ] adenine  ( 23 )  in  30  mL  of  aqueous 
phosphate  buffer  (0.05  M,  pH  7.5)  was  added  30  mg  of 
adenosine  deaminase  (adenosine  aminohydrolase , 
E.C.3.5.4.4.  Sigma  type  I,  Sigma  Chemical  Co.).  The 
reaction  mixture  was  stirred  at  room  temperature  and 
monitored  by  TLC  (SSE)  until  complete  deamination  had 
occurred.  The  product  was  adsorbed  onto  a  carbon 
column  (10  g,  Au-4 ) .  The  column  was  washed  with  water 
and  the  desired  product  eluted  with  50%  CH3CN/H2O. 
Recrystallisation  from  98%  EtOH  gave  88  mg  (88%)  of 
(  111  )  ;  mp  217-219°C ;  1H  NMR  (DMSO-d6,  100  MHz)  6  3.51 
(s,  4,  0CH9CH?0)  5.57  (s,  2,  NCH20),  8.07  (s,  1,  H2), 
8.21  (s,  1,  H8).  MS  m/z  210.0761.  Calcd.  for  M+: 
210.0753.  UV  (0.1  N  HC1)  max  248  nm  (e  12,400)  min  217 
nm  ( e  2600);  (0.1  N  NaOH)  max  252  nm  (e  13,200)  min  225 
nm  (  e  3700).  Anal.  Calcd.  for  CgH^N^g:  C,  45.71;  H, 
4.80;  N,  26.66.  Found:  C,  45.43;  H,  4.81;  N,  26.48. 
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|  ■  •  .J  l,ll?)llS.8l 


9-  [  ( 2- Hydroxy ethoxy  )methyl ] -N6 ,N6-dime thy laden ine  (106 ) 
A  2.5  g  (9.24  mmol)  sample  of  9- [  ( 2-acetoxy- 
ethoxy )methyl ] -6-chloropur ine  ( 102  )  was  stirred  in 
150  mL  of  40%  methanolic  dimethy lamine  at  room  tempera¬ 
ture  for  8  h.  Removal  of  volatiles  in  vacuo  followed 
by  crystallisation  of  the  crude  product  from  iPrOH  gave 
1.826  g  (83%)  of  (106  )  ;  mp  107-108°C;  1H  NMR  (DMSO-d6, 
100  MHz)  6  3.46  (s,  6,  N(CH3)2),  3.51  (s,  4,  OCH^Cj^O )  , 
5.66  (s,  1,  OH)  5.59  (s,  2,  NCH20),  8.26,  8.30  (s,  s,  1 
and  1,  H2,  H8).  MS  m/z  237.1222.  Calcd.  for  M+: 
237.1225.  UV  (0.1  N  HC1)  max  267  nm  (e  18,800)  min  230 
nm  (e  1900);  (0.1  N  NaOH)  max  274  nm  (e  19,500)  min  235 

nm  (e  2800).  Anal.  Calcd.  for  cioh15n5°2:  50.62; 

H,  6.37;  N,  29.52.  Found:  C,  50.47;  H,  6.34;  N, 

29.26. 

9- [ ( 2 -Hydroxy ethoxy ) methyl ] -N^ , ,N^-t rime thy lade nine 

iodide  ( 113 ) 

A  1  g  (4.2  mmol)  sample  of  9-[(2-hydroxyethoxy)- 
methyl ] -N^ ,N^-dimethy ladenine  (106)  was  dissolved  in 
5  mL  of  dry  DMF  along  with  2  mL  (32  mmol)  of  methyl 
iodide  and  the  solution  was  left  to  stand  at  0°C  for  3 
weeks.  Filtration,  followed  by  washing  of  the  crystals 
with  acetone  afforded  882  mg  (55%)  of  (113);  mp  238- 


242°C  with  decomposition;  ^H  NMR  (DMSO-d^,  100  MHz) 
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6  3.40,  3.87  (2  singlets,  6,  N(CH3)2),  3.51  (s,  4, 
OCH9CH9Q) ,  4.23  (s,  3,  NCH3),  5.91  (s,  2,  NCH20),  8.61, 
8.72  (s,  s,  1  and  1,  H2 ,  H8).  MS  m/z  (glycerol/FAB ) 

252  (M+-I“).  UV  (0.1  N  HC1)  max  286  nm  (e  18,200)  min 
247  nm  (e  3900).  Anal.  Calcd.  for  C-qH3qIN302:  C, 
34.84;  H,  4.78;  N,  18.47.  Found:  C,  34.83;  H,  4.89; 

N,  18.47. 


4-Carbamoy 1-1- [ ( 2 -hydroxy ethoxy ) me thy 1 ] -5-methy lamino- 
imidazole  (115) 


A  900  mg  (2.37  mmol)  sample  of  9-  [( 2-hydroxy- 
ethoxy  )methyl ] -N* * * * * 6 ,N6 ,N^-trimethyladenine  iodide  ( 113 ) 
was  refluxed  in  50%  EtOH/2NKOH  for  1  h.  The  solution 
was  neutralised  with  amberlite  resin  (IR-120  ) , 

filtered  and  volatiles  removed  in  vacuo.  The  residue 
was  placed  on  a  short  silica  gel  column  (25  g,  elutant 

20%  EtOH  in  CHC13),  appropriate  fractions  were 
collected  and  the  solvent  was  removed.  Recrystal¬ 

lisation  was  effected  from  95%  EtOH  to  give  418  mg 

(82%)  of  (115);  mp  126-126°C;  1H  NMR  (DMSO-d6,  400  MHz) 

6  2.92  (d,  J  =  6  Hz,  3,  CH3),  3.49  (multiplet,  4, 
OCH9CH9O)  4.70  (t,  J  =  5  Hz,  1,  OH),  5.33  (s,  2, 

NCH20),  6.05  (q,  J  =  6  Hz,  1,  NHCH 3 ) ,  6.79  and  6.95  (s 
and  s,  1  and  1,  CONH2),  7.35  (s,  1,  H2).  MS  m/z 
214.1067.  Calcd.  for  M+:  214.1066.  UV  (0.1  N  HC1) 


. 
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max  256  nm  (e  8200)  min  225  nm  (e  3300)  with  shoulder 
at  270  nm  (e  7600);  (0.1  N  NaOH)  max  273  nm  (e  9400) 

min  228  nm  (e  5000).  Anal.  Calcd.  for  C8H14N4°3:  C, 
44.85;  H,  6.59;  N,  26.15.  Found:  C,  44.63;  H,  6.65; 
N,  26.27. 


5-Anino-4-carbamoy 1-1- [ ( 2 -hydroxy ethoxy ) methyl ] - 

imidazole  (118) 

To  a  stirred  suspension  of  460  mg  (2  mmol)  of  5- 
benzamido-4-carbamoy limidazole  ( 116 )  in  DMF  (5  mL ) 
containing  364  mg  (4  mmol)  of  tr iethy lamine  was  added 

788  mg  (4  mmol)  of  ( 2-acetoxye thoxy )methy 1  bromide 
( 61 ) .  The  solution  was  allowed  to  stir  for  24  h  at 
which  time  all  volatiles  were  removed  in  vacuo  and  the 
residue  was  chromatographed  on  a  silica  gel  column 
(100  g,  2%  EtOH /CHC 1 3 ) •  Removal  of  solvent  from 
appropriate  fractions  gave  320  mg  (46%)  of  1—  [  ( 2— 
acetoxyethoxy )methyl ] -5-benzamido-4-carbamoy limidazole 
(111)  as  an  oil;  1 * 3 * *H  NMR  (DMSO-d6,  100  MHz)  6  1.94  (s, 

3,  CH3),  3.61  and  4.05  (A2B2  multiplet,  2  and  2, 


OCH9CH9OAc),  5.33 


s,  1  and  1,  NH2), 
benzoyl  protons), 


(s,  2,  NCH20),  7.12  and  7.32  (s  and 
7. 5-8. 2  (multiplet,  6H,  H2  and 
10.26  (s,  1,  NH).  MS  m/z  346.1281. 


Calcd.  for  M+:  346.1277. 

A  240  mg  (0.9  mmol)  sample  of  this  oil  ( 117 )  was 
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treated  directly  with  hydrazine  hydrate  (3  mL )  in  re¬ 
fluxing  98%  EtOH  (10  mL ) .  After  48  h  volatiles  were 
removed  in  vacuo  and  the  residue  was  purified  by  pre¬ 
parative  thin  layer  chromatography  (silica  gel,  SSE). 
Crystallisation  from  EtOH/Et 20  gave  116  mg  (84%)  of 
( 118 )  ;  mp  136-137  °C ;  1H  NMR  (DMSO-d6,  200  MHz)  6  3.46 
(mult iplet ,  4,  OCH^CH^O),  4.70  (t,  J  =  5  Hz,  1,  OH), 
5.25  (s,  2,  NCH20)  5.84  (s,  2,  NH  2 )  ,  6.74  (broad  s,  2, 
CONH2)f  7.24  (s,  1,  H2 ) .  MS  m/z  200.0908.  Calcd.  for 
M+:  200.0908.  UV  (0.1  N  HC1)  max  267  and  243  nm 

(e  10,700  and  9800)  min  254  and  220  nm  (g  9100  and 
4800);  (0.1  N  NaOH)  max  266  nm  (g  12,700)  min  226  nm 
(g  6100).  Anal.  Calcd.  for  C7h12N403:  C,  42.00;  H, 
6.04;  N,  27.99.  Found:  C,  41.97;  H,  6.03;  N,  27.81. 

8-Bromo-9- [ ( 2 -hydroxy ethoxy ) me thy 1 ] guanine  (119) 

To  a  stirred  solution  of  450  mg  (2  mmol)  of  9— [  ( 2  — 
hydroxyethoxy )methyl ] guanine  ( 22 )  in  100  mL  H2o  was 
added  bromine  water  slowly  until  the  bromine  colour 
persisted.  The  solution  was  allowed  to  stand  for  2  h 
at  0°C,  at  which  point  the  solid  that  separated  was 
collected  by  filtration  and  recrystallised  from 
Et0H/H20  to  give  507  mg  (83%)  of  (119);  decomposition 
starting  at  280°C;  1H  NMR  (DMSO-d6,  100  MHz)  6  3.52 
(mult iplet ,  4,  OCH9CH9O ) ,  4.68  (t,  J  =  5  Hz,  1,  OH), 
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5.33  (s,  2,  NCH20),  6.66  (s,  2,  NH2),  10.77  (sf  1, 

NH).  MS  (Cl)  m/z  304,  306  ( MH® [ 79Br , 81Br ] ) .  UV  (0.1  N 
HC1)  max  259  nm  (e  16,700)  min  223  nm  (e  6400);  (0.1  N 

NaOH)  max  270  nm  (e  13,700)  min  234  nm  (e  5700).  Anal. 
Calcd .  for  C8H10BrN5°3:  C'  31.60;  H,  3.31;  N,  23.03; 
Br,  26.28.  Found:  C,  31.69;  H,  3.36;  N,  23.06; 

Br ,  26.35. 

8 -Ch loro -9-  [  ( 2 -hydroxy ethoxy ) methyl ] guanine  ( 120 ) 

To  a  solution  of  200  mg  (0.89  mmol)  of  9—  [  ( 2  — 
hydroxye thoxy )me thy 1 ] guanine  ( 22 )  in  2.5  mL  of  0.5  M 
HCl/dry  DMF  was  slowly  added  1  mL  of  DMF  containing  225 
mg  (1.3  mmol)  of  m-chloroperbenzoic  acid.  After 
stirring  at  room  temperature  for  2  min  an  additional  50 
mg  (0.29  mmol)  of  m-chloroperbenzoic  acid  in  0.5  mL  of 
DMF  was  added,  and  the  solution  allowed  to  stir  for 
2  h.  Saturated  aqueous  sodium  bicarbonate  solution  was 
added  to  the  reaction  mixture  dropwise  until  neutral  pH 
was  obtained.  Volatiles  were  removed  in  vacuo  and  the 
residue  was  partitioned  between  H20  and  Et2(3*  The 
residue  from  the  aqueous  layer,  after  removal  of 
solvent,  was  further  purified  on  a  silica  column  (50  g, 
20%  EtOH/CHC^).  Crystallisation  from  Et0H/H20  gave 
121  mg  (52%)  of  ( 120 )  ;  decomposition  starting  at  280°C; 
■^H  NMR  (DMSO-d6,  200  MHz)  6  3.49  (multiplet,  4, 
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OCJH^CH^O )  , 

4.67  (t, 

J  =  5  Hz ,  1 , 

OH),  5.33 

(s ,  2, 

NCH20),  6. 

66  (  s ,  2 , 

NH2),  10.81 

(s,  1,  NH). 

MS  m/z 

259.0470, 

261.0442 

(35C1,37C1). 

Calcd.  for 

M+ ; 

259.0472, 

261.0443 

(35C1,37C1). 

UV  (0.1  N 

HC1 )  max 

nm  ( **  15,200)  min  221  nm  ( *-  2200);  (0.1  N  NaOH )  max  268 

nm  (e  13,100)  min  232  nm  (e  4400).  Anal.  Calcd.  for 

C8H10ClN5O3:  C,  37.01;  H,  3.88;  N,  26.97;  Cl,  13.65. 

Found;  C,  36.95;  H,  3.97;  N,  26.87;  Cl,  14.06. 

9- [ ( 2 -Hydroxy ethoxy  ) me thy 1 ] -8-iodoguanine  (121) 

To  a  solution  of  350  mg  (1.56  mmol)  of  9-[(2- 
hydroxyethoxy )methyl ] guanine  ( 22 )  in  35  mL  of  50% 
MeOH/H2°  maintained  at  50°C  was  slowly  added  12  mL  of 
MeOH  containing  2.527  g  (15.6  mmol)  of  iodine  mono¬ 
chloride.  The  solution  was  maintained  at  50°C  for  18  h 
at  which  time  TLC  (silica,  SSE  )  indicated  the  absence 

of  starting  material.  138  mg  (1  mmol)  of  K2CO3  was 

added  and  volatiles  were  removed  in  vacuo.  The  residue 
was  repeatedly  washed  with  Et2^  followed  by  decantation 
until  excess  IC1  was  removed.  The  residue  was  then 
recrystallised  twice  from  EtOH/H20  to  give  407  mg  (75%) 
of  (121);  decomposition  starting  at  260°C;  3H  NMR 
(DMSO-d6,  200  MHz)  6  3.48  (multiplet,  4,  OCH9CH9O) , 

4.66  (t,  J  =  5  Hz,  1,  OH),  5.24  (s,  2,  NCH20),  6.58  (s, 
2,  NH  2 )  f  10.66  (s,  1,  NH).  MS  m/z  351.9854.  Calcd. 


■ 
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for  M+:  351.9829.  UV  (0.1  N  HC1)  max  260  nm 

(e  17,300)  min  230  nm  (e  5200);  (H20)  wax  258  nm 

(e  18,100)  min  224  nm  (e  2800);  (0.1  N  NaOH)  max  270  nm 

(e  15,100)  min  235  nm  (e  6100).  Anal.  Calcd.  for 

C8H10in5°3:  c'  27.37;  H,  2.87;  N,  19.95;  I,  36.14. 

Found:  C,  27.45;  H,  2.93;  N,  19.74;  I,  36.35. 

% 

8 -Ami no- 9-  [  ( 2-hydroxy ethoxy )methyl 3  guanine  ( 122 ) 

A  200  mg  (0.66  mmol)  sample  of  8-bromo-9- [ ( 2- 
hydroxyethoxy )methyl ] guanine  (119)  was  refluxed  in 

10  mL  of  H2°  containing  0.5  mL  of  95%  hydrazine  for 

48  h.  The  solution  was  allowed  to  cool  and  the  crude 
product  collected  by  filtration.  Recrystallisation 
from  H20  gave  110  mg  (67%)  of  ( 122 ) ;  decomposition 
starting  at  300°C;  1 * * 4 *H  NMR  (DMSO-d6,  100  MHz)  6  3.50  (s, 

4,  OCH^Cj^O),  4.68  (s,  1,  OH),  5.24  (s,  2,  NCH20),  6.08 
(s,  2,  NH2),  6.40  (s,  2,  NH2),  10.89  (s,  1,  NH  )  .  MS 
m/z  240.0970.  Calcd.  for  M+:  240.0971.  UV  (0.1  N 
HC1)  max  285  and  248  nm  (e  13,600  and  21,500)  min  270 
and  223  nm  (e  12,000  and  15,000);  (0.1  N  NaOH)  max  255 

nm  ( e  20,100)  min  240  nm  (e  17,000)  with  shoulder  at 
277  nm  (e  16,100).  Anal.  Calcd.  for  CgH^2N^02*-^  H20: 

C,  38.55;  H,  5.25;  N,  33.72.  Found:  C,  38.81;  H, 


5.02;  N,  33.37. 


* 
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9- [ ( 2 -Hydroxy ethoxy ) me thy 1 ] -8-methyl ami noguanine  ( 123 ) 


A  solution  of  200  mg  (0.66  mmol)  of  8-bromo-9-[(2- 
hydroxyethoxy )methyl ] guanine  (119)  in  5  mL  of  50% 
NH2CH3/H2O  was  sealed  in  a  Parr  steel  bomb  and  heated 
at  120°C  for  48  h.  After  cooling,  the  bomb  was  vented 
and  volatiles  were  removed  in  vacuo.  The  residue  was 
dissolved  in  warm  and  adsorbed  onto  a  carbon 

column,  which  was  washed  with  H20  followed  by  elution 
of  the  product  with  30%  CH3CN/H2O.  Removal  of  solvent 
gave  119  mg  (71%)  of  (123)  which  was  recrystallised 
from  H2O;  mp  216-220°C  with  decomposition;  NMR  (DMSO- 
d6,  100  MHz)  6  2.81  (d,  J  =  5  Hz,  3,  NCH3 ) ,  3.48  (s,  4, 
OCH^CH  9O )  ,  4.69  (s,  1,  OH),  5.21  (s,  2,  NCH20),  6.15 
(q,  J  =  5  Hz,  1,  NH),  6.26  (s,  2,  NH 2 ) /  10.30  (s,  1, 

NH).  MS  m/z  254.1125.  Calcd.  for  M+:  254.1127.  UV 
(0.1  N  HC1 )  max  287  and  248  nm  (e  9500  and  16,900)  min 
270  and  223  nm  (e  7300  and  4300);  (0.1  N  NaOH )  max  259 
nm  (e  13,900)  min  228  nm  (e  4500)  with  shoulder  280  nm 
( e  12,000).  Anal.  Calcd.  for  C9H14N603:  C,  42.52;  H, 
5.55;  N,  33.05.  Found:  C,  42.21;  H,  5.60;  N,  32.75. 

9- [ ( 2-Hydroxyethoxy )methy 1 ] -8-dimethylaminoquanine 
(124) 

A  solution  of  148  mg  (0.487  mmol)  of  8-bromo-9- 
[( 2-hydroxyethoxy )methyl ] guanine  (119)  in  5  mL  of  50% 


, 
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NH  (CH;3 )  2/H2O  was  sealed  in  a  Parr  steel  bomb  and  heated 
at  120°C  for  48  h.  After  cooling  the  bomb  was  vented 
and  volatiles  removed  in  vacuo.  The  residue  was  dis¬ 
solved  in  warm  water  and  adsorbed  onto  a  carbon  column, 
which  was  washed  with  water  followed  by  elution  of  the 
product  with  30%  Cl^CN/l^O*  Removal  of  solvent 
followed  by  recrystallisation  from  H20  gave  110  mg 
(85%)  of  (124);  decomposition  starting  at  270°C;  1H  NMR 
( DMSO-d 6 ,  100  MHz)  6  2.86  (s,  6,  N(CH3)2),  3.59 
(mult iplet ,  4,  OCH?CH?0) ,  4.68  (s,  1,  OH),  5.22  (s,  2, 
NCH20),  6.42  (s,  2,  NH2)  10.48  (s,  1,  NH ) .  MS  m/z 
268.1281.  Calcd.  for  M+:  268.1283.  UV  (0.1  N  HC1) 

max  288  and  258  nm  (e  10,400  and  17,500)  min  280  and 
231  nm  (z  10,000  and  3100);  (0.1  N  NaOH)  max  268  nm 

(e  15,200)  min  231  nm  (e  3100).  Anal.  Calcd.  for 
^10h16n6°3:  C,  44.77;  H,  6.01;  N,  31.33.  Found:  C, 

44.66;  H,  6.01;  N,  31.08. 

9- [ ( 2 -Hydroxy ethoxy  ) me thy 1 ] -8-piper idylguani ne  ( 125 ) 

A  solution  of  150  mg  (0.49  mmol)  of  8-bromo-9- [ ( 2- 
hydroxyethoxy )methyl ] guanine  (119)  in  5  mL  of  50% 
piper idine/H2°  was  sealed  in  a  Parr  steel  bomb  and 
heated  at  160°C  for  48  h.  After  cooling  the  bomb  was 
vented  and  volatiles  removed  in  vacuo.  The  residue  was 


dissolved  in  warm  water  and  adsorbed  onto  a  carbon 
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column,  which  was  washed  with  water  followed  by  elution 
of  the  product  with  30%  CH3CN/H20.  Further  purifi¬ 
cation  by  preparative  thin  layer  chromatography  (silica 
gel,  SSE)  was  required  prior  to  recrystallisation  from 
H20  giving  110  mg  (72%)  of  ( 125 ) ;  decomposition 
starting  at  250°C;  1H  NMR  (DMSO-d6,  100  MHz)  6  1.60 
(broad  s,  6,  CH2CH2CH2),  3.14  (s,  4,  N(CH2)2)  3.57 
(A2B2  multiplet,  4,  OCH ?CH ?0 ) ,  4.65  (s,  1,  OH),  5.17 
(s,  2,  NCH20),  6.40  (s,  2,  NH  2 )  10.40  (s,  1,  NH ) .  MS 
m/z  308.1594.  Calcd.  for  M+:  308.1597.  UV  (0.1  N 
HC1)  max  265  nm  (e  15,500)  min  235  nm  (e  3800)  with 
shoulder  at  285  nm  (e  10,700);  (0.1  N  NaOH)  max  272  nm 
(e  13,100)  min  222  nm  (e  3800).  Anal.  Calcd.  for 

C13h20n6°3'1/2  h2°:  C'  49-  20?  H,  6.67;  N,  26.48. 

Found:  C,  49.16;  H,  6.46;  N,  26.16. 

8-Hydroxy-9-  [  ( 2 -hydroxy ethoxy ) me t hy 1 ] guanine  ( 126 ) 

A  100  mg  (0.33  mmol)  sample  of  (119)  and  270  mg 
(3.3  mmol)  of  sodium  acetate  were  refluxed  in  glacial 
acetic  acid  (10  mL)  for  3  h.  Volatiles  were  removed  in 
vacuo ,  the  residue  dissolved  in  H2o  (50  mL )  and 
neutralised  with  0.1  N  NaOH.  Purification  was  effected 
on  a  carbon  column  (Au-4,  15  g,  elutant  20%  CH3CN/H20) 
followed  by  recrystallisation  from  Et0H/H20  to  give  54 
mg  (65%)  of  ( 126 ) ;  decomposition  starting  at  260°C;  *H 
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NMR  (DMSO-d6,  100  MHz),  6  3.52  (multiplet,  4, 

OCH^CH^O ) ,  4.61  (t,  J  =  5  Hz,  1,  OH),  5.03  (s,  2, 
NCH2O),  6.51  (s,  2,  NH2).  10,67  (broad  s,  2,  NH  and 
NH).  MS  m/z  241.0812.  Calcd.  for  M+:  241.0811.  UV 

(0.1  N  HC1)  max  247  and  293  nm  (e  11,300  and  9700)  min 
221  and  269  nm  (e  3500  and  4200);  (0.1  N  NaOH)  max  256 

and  281  nm  (e  10,800  and  10,200)  min  230  and  273  nm  (e 

4500  and  9900).  Anal.  Calcd.  for  C8H11N5°4  *1/2  H2O: 

C,  38.40;  H,  4.83;  N,  28.00.  Found:  C,  38.48;  H, 

4.52;  N,  27.94. 

8-Tert iarybuty 1-9- [ ( 2 -hydroxy ethoxy  )methyl ] guanine 

(129) 

225  mg  (1  mmol)  of  9- [ ( 2-hydroxyethoxy )methy 1 ] - 
guanine  ( 22 ) ,  4  mL  (64  mmol)  of  pivaldehyde  and  5  mL  of 
3  M  H2SO4  were  dissolved  in  35  mL  of  50%  acetic  acid/ 

H 2O •  After  careful  deoxygenation  separate  solu¬ 
tions  of  0.6  M  Fe ( NH4 ) 2 ( SO4 ) 2 • 6  H2O  (13  mL )  and  0.37  M 
K2S2°8  mL)  were  simultaneously  added  over  1  h. 

Neutralisation  with  1  N  NaOH,  removal  of  the  brown  pre¬ 
cipitate  by  centrifugation/decantation  was  followed  by 
adsorption  of  products  onto  a  carbon  column.  Elution 
of  the  desired  product  (30%  CH3CN/H2O)  followed  by 
preparative  thin  layer  chromatography  (silica,  20% 

EtOH /CHC 1 3 )  and  crystallisation  from  EtOH/H2°  gave  118 


- 
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mg  (42%)  of  ( 129 ) ;  decomposition  starting  at  200°C; 


NMR  (DMSO-d6,  100  MHz)  6  1.38  (s,  9,  -C(CH3)3),  3.48 
( s  f  OCJl^CH^O),  4.62  (s,  1,  OH),  5.47  (s,  2,  NCH20), 

6.46  (s,  2,  NH2)  10.60  (s,  1,  NH ) .  MS  m/z  281.1488. 
Calcd .  for  M+:  281.1488.  UV  (0.1  N  HC1)  max  259  nm 

(e  15,300)  min  227  nm  (e  1400)  with  shoulder  at  277  nm 
(e  11,000);  (0.1  N  NaOH )  max  265  nm  (e  14,300)  min  231 

nm  (e  7700  ).  Anal.  Calcd.  for  Ci2H19N5°3:  51.24; 

H,  6.81;  N,  24.90.  Found:  C,  51.10;  H,  6.78;  N, 

24.67. 

9-  [  ( 2 -Hydroxy ethoxy ) me thy 1 3 -8 -me thy lguanine  ( 130 ) 

To  a  deoxygenated  solution  of  200  mg  (0.89  mmol) 
of  9- [( 2-hydroxyethoxy )methyl ] guanine  ( 22 )  and  800  mg 
(2.9  mmol)  FeS04.7  H20  in  50  mL  of  1  M  H2S04  was  added 
a  suspension  of  1  g  (11.1  mmol)  of  t-butyl  hydroperoxide 
in  5  mL  H20  slowly  over  30  m.  After  a  further  30  m  the 
pH  of  the  solution  was  adjusted  with  1  M  NaOH  until 
neutral,  and  the  fine  brown  precipitate  was  removed  by 
centrifugation/decantation.  The  solution  was  passed 
through  a  carbon  column,  which  was  then  washed  (H20) 
and  the  products  eluted  with  30%  CH3CN/H20.  TLC 
(silica,  NH40H/iPr0H/H20)  indicated  a  1:1  ratio  of 
starting  material  ( 22 )  and  desired  product  ( 130  ) .  The 


solvent  was  removed  in  vacuo  and  the  residue  was 
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resubmitted  to  the  above  conditions.  TLC  now  showed 


almost  total  conversion  to  (130).  After  a  second 
carbon  column  and  recrystallisation  from  H2O  135  mg 
(64%)  of  (130)  were  obtained;  mp  304°-305°C;  NMR 
( DMSO-d6 ,  100  MHz)  6  2.40  (s,  3,  CH3),  3.46  (s,  4, 
°CHj)CH_2° )  ,  4.67  (s,  1,  OH),  5.36  (s,  2,  NCH20),  6.47 
(s,  2,  NH2)  10.55  (s,  1,  NH).  MS  m/z  239.1014.  Calcd. 
for  M+:  239.1019.  UV  (0.1  N  HC1)  max  255  nm 

(e  14,200)  min  225  nm  (e  3900)  with  shoulder  275  nm 
(e  10,100);  (0.1  N  NaOH)  max  260  nm  (e  13,400)  min  230 
nm  (e  6200).  Anal.  Calcd.  for  C9H13N503:  C,  45.19;  H, 
5.48;  N,  29.27.  Found:  C,  45.19;  H,  5.56;  N,  29.27. 

9- [ ( 2-Hydroxy ethoxy )methyl ] -7 -me thy lguanine  ( 131 ) 

A  solution  of  141  mg  (0.63  mmol)  of  9-[(2-hyd- 
roxyethoxy )methyl ] guanine  ( 22 )  and  150  mg  (1.25  mmol) 
of  dimethy lsulphate  in  2  mL  DMF  was  maintained  with 
stirring  at  28°C  for  6  h.  Ammonium  hydroxide  was 
carefully  added  until  pH  8  was  achieved  and  the  solu¬ 
tion  diluted  with  acetone  (10  mL )  and  allowed  to  stand 
overnight.  The  precipitate  was  filtered  and  washed 
with  cold  ethanol  (2x2  mL ) .  This  crude  product  could 
only  be  recrystallised  in  pure  form  as  the  hydro¬ 
chloride  salt  (from  acetone/H2o)  giving  97  mg  (56%); 
decomposition  starting  at  180°C;  ^H  NMR  (DMSO-d^,  100 


. 
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MHz)  6  3.41  (sf  3,  CH^),  3.60  (A2B2  multiplet,  4, 

0CH2CH?0) ,  5.57  (s,  2,  NCH20),  7.29  (s,  2,  NH 2 )  •  9. 

© 

(s,  1,  H 8 ) .  MS  m/z  ( glycerol/FAB )  240  (MH).  UV  (0 
HC1)  max  256  nm  (e  17,300)  min  229  nm  (e  9600)  with 
shoulder  at  276  nm  (e  12,900);  (0.1  N  NaOH)  max  265 

(e  16,400)  min  247  nm  (e  11,600).  Anal.  Calcd.  for 
C9H13N5°3 *HC1 :  C'  39*21?  5.12;  N,  25.40.  Found 

C,  38.93;  H,  5.14;  N,  25.19. 


26 
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APPENDIX 

Scheme  II  (for  clarity  charges  have  been  omitted  eg.  a 

proton  is  represented  by  [H] ) . 


ii 


SH 

II 

SH 


2  + 


-►  Products 


-►  Products 


K. 


K. 


=  [s]  [H] 

[SH] 


=  [SH]  [H] 
[SH2] 


Rate  =  k  ,  [S__,_] 

obs  TOT 


=  k.  [SH]  +  k2[SH2] 


kobs  (  [S]  +  [SHl  + [SH2]  '  =  kltSHl  +  k2[SH2] 


lr_  [H]  [S]  [H]  Z  [S] 

k  .  S+ - + - 

obs  r  K  K 

a2  al  a2 


k1[S]  [H]  k2[H]Z[S] 


K 


a2 


Ka  Ka 
al  2 


[H]  [H] 

k  .  /1+ - + 

obs 


K_  K 

2 


a^  ''a1"a2 


k1[H]  k2  [H] 


K. 


Ka  Ka 
al  a2 


‘obs 


k2  [H] 

Ka  fH]lkl  +  -K - 

1  V  al 


Ka  K  +  [H]  K  +  [H] 
31  a2  ai 


171. 


THE 


UNIVERSITY 


O  F 


ALBERTA 


RELEASE  FORM 

NAME  OF  AUTHOR:  PETER  WILLIAM  HATFIELD 

TITLE  OF  THESIS:  ( 2-Hydroxye thoxy )me thy 1  Nucleoside 

Analogues. 

A.  Models  in  the  Study  of  the  Acid  Catalysed  Hydrolysis 
of  the  Glycosyl  Bond. 

B.  Evaluation  of  Biological  Activities. 

DEGREE  FOR  WHICH  THESIS  WAS  PRESENTED:  Ph.D. 

YEAR  THIS  DEGREE  GRANTED:  1983 

Permission  is  hereby  granted  to  THE  UNIVERSITY  OF 
ALBERTA  LIBRARY  to  reproduce  single  copies  of  this 
thesis  and  to  lend  or  sell  such  copies  for  private, 
scholarly  or  scientific  research  purposes  only. 

The  author  reserves  other  publication  rights,  and 
neither  the  thesis  nor  extensive  extracts  from  it  may 

be  printed  or  otherwise  reproduced  without  the  author's 

...  .  ^  , .A,  /  ? 

written  permission. 


THE 


UNIVERSITY 


O  F 


ALBERTA 


RELEASE  FORM 

NAME  OF  AUTHOR:  PETER  WILLIAM  HATFIELD 

TITLE  OF  THESIS:  ( 2-Hydroxye thoxy )raethy 1  Nucleoside 

Analogues. 

A.  Models  in  the  Study  of  the  Acid  Catalysed  Hydrolysis 
of  the  Glycosyl  Bond. 

B.  Evaluation  of  Biological  Activities. 

DEGREE  FOR  WHICH  THESIS  WAS  PRESENTED:  Ph.D. 

YEAR  THIS  DEGREE  GRANTED:  1983 

Permission  is  hereby  granted  to  THE  UNIVERSITY  OF 
ALBERTA  LIBRARY  to  reproduce  single  copies  of  this 
thesis  and  to  lend  or  sell  such  copies  for  private, 
scholarly  or  scientific  research  purposes  only. 

The  author  reserves  other  publication  rights,  and 
neither  the  thesis  nor  extensive  extracts  from  it  may 

be  printed  or  otherwise  reproduced  without  the  author's 

_ _  (\  & - - - - 

written  permission. 


. 


« 


THE 


UNIVERSITY 


O  F 


ALBERTA 


RELEASE  FORM 

NAME  OF  AUTHOR:  PETER  WILLIAM  HATFIELD 

TITLE  OF  THESIS:  ( 2-Hydroxye thoxy )me thy 1  Nucleoside 

Analogues. 

A.  Models  in  the  Study  of  the  Acid  Catalysed  Hydrolysis 
of  the  Glycosyl  Bond. 

B.  Evaluation  of  Biological  Activities. 

DEGREE  FOR  WHICH  THESIS  WAS  PRESENTED:  Ph.D. 

YEAR  THIS  DEGREE  GRANTED:  1984 

Permission  is  hereby  granted  to  THE  UNIVERSITY  OF 

ALBERTA  LIBRARY  to  reproduce  single  copies  of  this 

thesis  and  to  lend  or  sell  such  copies  for  private, 

scholarly  or  scientific  research  purposes  only. 

The  author  reserves  other  publication  rights,  and 

neither  the  thesis  nor  extensive  extracts  from  it  may 

be  printed  or  otherwise  reproduced  without  the  author's 

.  . 

written  permission. 


' 


. 


